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Dear Andrea, 

ScienceDirect and Scirus.com. focused on the » venous re turn", 

I searched the major concepts you P ro ™^' and the fact that this was a 

the possibility of a wireless cornmum ahonfeahuj ^ ^ Qr ^ of ^ 

"method" per se; as expected, most of the better nonethe i es s. 
Mentors in some way, but P^e revtew^ alHhe — ^ ^ and pl take 

serve your needs. 

Sincerely, 
Emory Damron 

Technical Information Specialist 
FTC 3700 US Patent & Trademark Office 
E (703) 305-8587/ Fax: (703) 306-5915 
ErnOTy^ainron@us2ta^ 
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Questions about the scope or the resu.ts of the search? Contact ft. BC sealer or contact: 



John Sims, EIC 3700 Team Leader 
308-4836, CP2-2C08 
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Example: 3730 



> I am an examiner in Workgroup: 

> Relevant prior art found, search results used as follows: 

□ 102 rejection 

□ 103 rejection 

□ Cited as being of interest. 

□ Helped examiner better understand the invention. 

D Helped examiner better understand the state of the art in their technology. 

Types of relevant prior art found: 

□ Foreign Patent(s) 

D t £ ce proceedings, new product announcements etc., 

> Relevant prior art not found: 

□ Results verified the lack of relevant prior art (helped determine paten.abrlrty). 

□ Results were not useful in determining patentability or understanding the invention. 
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SEARCH REQUEST FORM 

Scientific and Technical Information Center 



Access DS# 



Ajjh/Z?A fa&oA>fJ€ Examiner #:__ — t^J^ tTL 

Mail Box and Bldg/Room Location: £^-fj^- ^ 

utiHty of the invention. Define .any tenns tha ^ ^ ^ ^ 
--"^ 

Title of Invention:^ — — M ^, 1 , v/c //w ZlCL^iI*!^-^^ 

Inventors (please prov.de full names). ^CO^J 7 j 

J/j ! l ( ^ • - - " 



Earliest Priority Filing Date: __i/Jl/_^U. aMsional , or issued patent,, umbers) along with the 

appropriate serial number. K 

J? f /* r C " - /J 
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Type of Search 

NA Sequence (#) — 



AA Sequence (#)_ 



STAFF USE ONLY x \ 

Searcher Phone #: _ 3j ? — : — 

^Z 7 2. 2 Structure (#) 

Searcher Location: . — p w 

Si .-7 3 Rihlioeraohic >^L_ 

Date Searcher Picked W 
Date Completed 
Searcher Prep & Review Time 



Vendors and cost where applicable 



— s luigat,on 77- 

- ' ^- ^ Fulltext 2C — 



Clerical Prep Time 
Online Time: 



Patent Family . 
3 00 A- Other 



STN 



Dialog _ 



Questel/Orbit _ 
Dr.Link 



Lexis/Nexis_ 



Sequence Systems 
WWW/lntemet . 
Other (specifyL 



PTO-1590 (8-01) 



Set 
SI 



S2 0 



Items Description QR MENK v? OR MENK, V? OR ZIELIW- 

ES (2W^BlONDl 0R BREMH? OR VENTILAT? OR CRR OR 

l " 56 : 3 3 ™o r tei S4 in aupUcate/non-dupUcate order, 

kS°S.?SSlO »ov 191 6- 2 003/De=.U P dated 0,0402, 
File 350-Derwen^ Th omson Derwent 



... K/1 (IU» 1 from file- 35") 

< c } 2004 Thomson Derwent . 



0157 ° 456 L. 20^W"""""" „ 2000-421466; 2002-139260; 

S5.JS Xi CO V. l-S-103,14;_ S 6-433 |J^_|~„ 2 , 2003 -33134, 

S^tJTA »»r.rr«™ -SS"™ resuscitation 

inventor: ^ « G , Qf patents: 0 01 

Number of Countries. we@k 
Patent Family: Applicat No Kind "at b 

SM^S 3-32016 » |31. S .3 » 0 

US 2000546252 A 2000041U 

US 2001854238 A 20010511 

US 2002119203 A 2002040a 

US 2002224263 A 2002110b 

US 2003396007 A 20030324 

Patent Details: pr Filing Notes q^i4Q?03 

££ 3 a?flicati™ US 2000532601 

Snt ofVent OS 6062219 
CIP of patent OS 6526933 

C " lUl^ faJSf- 

resuscitation 
inventor: LURIE KG .... 

ZIELINSKI T 

— ' B rp C aUa„t.= tace. a„a a J*™^ Sapec.-ly" 

■■■r^rafacr^t^Ato... 

i to facilitate the performance of 



' • ' cardio pulmonary resuscitat.cn . 

ruer in performing appropriately timed chest 

peripheral ^uiP»e« 

' ' - Titl M e n aT%atf„t D Clasf Sin, , « 2B ^1__ =====: ==^^ 
International ^ ^^^^^r-. — = ==== 

"T7~T^ (Item 2 from file: 350) 

DIALOG (R) File 350: Derwent WPIX ^ 
(c) 2004 Thomson Derwent . axi 

. r ., n ,oi **lmaqe available** 
0154 S L. 2003-531627/200350 
WPI Acc No: ^uu^ i^te 

S Aco So! SS1-421782 f r q g assisting cardiac treatment, 

^tW for administer^ ^^J^^^Tsing vaive system after 

involves lowering « tr **J2T° £ cause blood flow into thorax 

introducing drug ">t Pa ^ 

Pat ent -signee: CPKX LLC (CPRX ^ r el w 

inventor: KEITH L r q£ patents: 0 02 
Number of Countries. 

SSSr-j iir Safe 7 «r « • 

- » r 5 - S « » » S S S S B »5 5 S S 
3SSS S S S 1 3 3 5 1 3 5 S 2 - 5 - - - - £ S 

OM PH PL PT RO RO SD SE SG SI gb 

, R( =nional) ■ AT BE BG CH CY CZ DE DK EA EE ES t 

S'Spsr MZ NL 0A PT SD SE 

...inventor: LURIE K G 

. , i. • ■ e airwav prevents 

— ( TvaUe system (200, connecte d t^the ^ for / period of 

'"or impedes res P irat H^horacic pressure... 
time to allow the jntr.thorac P 6iM _ 016/00 

international Patent ^^J 1 ^^,,^^ 

'^TJ^T (Item 3 from file: 350) 

DIALOG (R) File 350 -.Derwent WPIX ^ 
4 _n onn/i Thomson Derwent. mi 

**Image available** 



WPI Acc No: 2003-503746/200347 . 

XRPX Acc No: N03-399911 r-^nsritation , has pressure 

M , Hnal rescue svstem for cardio pulmonary resuscitation , * 

JSor.'ksCnV^ iSS"i » LEYDEN „ V, «*» « 0 , »PP E »S MI T» „ . 

ZIELINSKI T M nri0 
Number of Countries: 101 Number of Patents: 002 

Patent Family: Date Week 

■Sarf =• Hiss ? =• ar ■ 

Priority Applications (Mo Type Date) : OS 2001966945 A 20010928 

So ta Kind Oan P, Main IPC Piling Motes 
US 20030062040 Al 21 A61M-016/00 

WO 200328613 A2 E ,/"H-000/00 AG AL am AT AU AZ BA BB BG BR BY BZ CA 
Designated States (National) . AE AG AL AM AT AU A ^ ^ ^ 

S3S5SSSSSSSSSSSSSSSSSSSS 

E4Hk s r K p ^« s s s s s s s s s ss s as 

Medical rescue system for cardio pulmonary resuscitation , has pressure 

exceeded 
. . .Inventor: LURIE KG... 

. . . ZIELINSKI T M 

Abstract ^asic): sive valve syst em (18) prevents the flow of 

respiratory gases into the patient's lungs during decompression of the 

till until a threshold negative intrathoracic pressure is 
exceeded A ventilation tube (20) is pivotally coupled to a swivel 

lu^cardiararrest, loss of breadth, heart att f a, 1 heart 
"' rhythm abnormality during cardio pulmonary resuscitation ( CPR ) , 
ventilation and defibrillation. . . 

the patient's chest... 

. Ventilation tube (20 
...Title Terms: RESUSCITATION; ^ 11wrn1fi/n n 

...International Patent Class (Mam): A61M-016/00 



6/3, K/4 (Item 4 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 
(c) '2004 Thomson Derwent . All rts. reserv. 



1999-561889; 2001-407473 



ms^78270 **Image available** 
Jpiicc No: 2003-439208/200341 
Selatld WPI Acc No: 1997-319553; 

XRPX Acc No: N03-350420 automatically weaning patient from 

Number of Countries: 
Patent Family: 
Patent No Kind 
US 20030037786 Al 



001 Number of Patents: 002 



Date 
20030227 



US 6668829 



B2 20031230 



Applicat No 

US 95569919 
US 9845461 
US 2000660820 
US 2001767173 
US 2002260796 
US 95569919 
US 9845461 
US 2000660820 
US 2001767173 
US 2002260796 



Kind 
A 
A 



A 
A 
A 
A 



A 
A 



Date 
19951208 
19980320 
20000913 
20010122 
20020930 
19951208 
19980320 
20000913 
20010122 
20020930 



Week 
200341 



B 



200402 



na , 0 ,. mo 9001767173 A 20010122; US 95569919 

2002260796 A 20020930 



Patent Details. . 
Patent No Kind Lan Pg Main IPC 
ol 20030037786 Al 30 A61M-016/00 



US 6668829 B2 



F cip n Sf N 2£ S lication US 95569919 
Cont of application US 9845461 
C?P of application "S 2000660820 
Cont of application US 2001767173 
CIP of patent US 5931160 
Cont of patent US 6158432 
Cont of patent US 6463930 
A61M-016/00 CIP of application US 95569919 
Cont of application «S 984b4bi 
CIP of application US 2000660820 
Cont of application US 2001767173 
CIP of patent US 5931160 
Cont of patent US 6158432 
Cont of patent US 6463930 

Itnute voluie flow meter and data processor 
Inventor : BIONDI J W 



Abstract (Basic): mo) includes a pressure source to 

patient weaning system (10) ^ u £ rate mon itor, a 

• providesupport to patient, a S P^ e0 ^ te b ^ge a nd tidal volume, a 

device to input P^™^ 0 ^ s0 ? connected to all the above 

devfc^^- patient < sheath rate with predetermined rate and 

minUtS INDEPENDENT CLAIM is also included for the method for 
• • * automatically weaning a patient from a ventilator . 



.Used for 



automatically weaning a patient from a medical 



ventilator 



The ventilator control system provides a clinician with complete 
"control of patient's airway flow and pressure throughout the 

respiratory cycie, enabling to determine the optimal therapy for the 
parent 7o decrease the work of exhalation by the patient, negative 
pressure can be applied to the exhalation circuit of patient s 
ventilator to reduce the resistance of airflow . 
...The drawing shows the block diagram of the ventilator system... 

Ventilator control system (10... 



. . . Ventilator (17 

...Title Terms: VENTILATION ; 

International Patent Class (Main) : 



A61M-016/00 



6/3, K/5 (Item 5 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 
(c) 2004 Thomson Derwent . All rts . reserv. 

015330113 

WPI Acc No: 2003-391048/200337 

TthoS Tor ^"cft'ting . patient fro. cardiac .«est cc.pris.s 
SSSstrating cardiopulmonary resuscitation ^_ c ^»^ ± ^ 
vasopressor agent (s) or vasopressinergic agomst (s) , and L argxnine, 
nitric oxide or direct nitric oxide donor 

Patent Assignee: CPRX INC (CPRX-N) 
Inventor: LURIE KG 

Number of Countries: 001 Number of Patents: 
Patent Family: 

Applicat No 
US 9788362 
WO 98US20461 
US 2000538432 



Patent No 
US 6486206 



Kind Date 
Bl 20021126 



001 

Kind 
P 
A 
A 



Date 
19970929 
19980929 
20000329 



Week 
200337 



B 



Priority Applications (No Type Date) : 
19980929; US 2000538432 A 20000329 
Patent Details: 

Patent No Kind Lan Pg Main IPC 
US 6486206 Bl 12 A61K-031/195 



US 



9788362 P 19970929; WO 98US20461 A 



Filing Notes 

Provisional application US 9788362 
Cont of application WO 98US20461 



Method for resuscitating a patient from cardiac arrest «J£«J» 
SSnistrating cardiopulmonary resuscitation ^^^f^f^ 
vasopressor agent(s) or vasopressinergic agonist (s), and L-argimne, 

nitric oxide. . . 
Inventor: LURIE K G 



Abstract 



a patient from cardiac arrest 



are to be administered 



(Basic) : 

Method for resuscitating 

comprises administrating... 

,1) cardiopulmonary resuscitation ( CPR ) ; and 

the compounds described in (Al) and {AZ) 
to a patient undergoing CPR ; and. . . 

in the dorsal recumbent position and intubated using standard 
endotracheal intubation technique. The pigs were ven ^^ la ^^^ t 
the preparatory phase, and after return of spontaneous circulation at 



th end o £ the expert -^^Si^rSS^S 

:"h S "ppL:«tal SygeS at 2 l/,inute. «o»l saline solution 
was administered intravenously... 

B) (40 microg/kg) combination, in a porcine model of .^"^ cu ^" , 

during ventricular fibrillation prior to drug... 

i+a+i-nn a oatient from cardiac arrest (claimed); for 
•■■"treatlnr-ntrrcular Station involving rapid contractions and 
twitching. . . 

nt , q hlood pressure. The vasopressor epinephrine leads to superior 
••• P viraf organ Mood flow during CPR , as compared with the conventional 

epinephrine therapy... 
Technology Focus:^ ^ resuscitation method additionally 

involves administration of mannitol. 

Extension Abstract: istered within 0 -60 (preferably 0-10) minutes, 

after the initiation of CPR , for more than 10 minutes, repeated every 

3-10 minutes. 
...Title Terms: RESUSCITATION ; 



6/3, K/6 (Item 6 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2004 Thomson Derwent . All rts. reserv. 

015310415 **Image available** 

WPI Aoc No ; f 03 - 31 ""' 2 ?"",. 1996 _ 13 3S71; 2000-421466; 2002-139260; 
R 1o0 2 -6:r9 9 r20oL6»103" 3 20»3-o30322; 2003-310172; 2003-766702 
XRAM Acc No: C03-098421 

permitting person to inhale and exhale through system 

Patent Assignee: CPRX LLC (CPRX-N) 
Inventor: LURIE KG 

Number of Countries: 001 Number of Patents: 



002 



Patent Family: 
Patent No Kind Date 

US 20030037784 Al 20030227 



US 20040016428 A9 20040129 



Applicat No 

US 93149203 
US 95403009 
US 97950702 
US 2000546252 
US 2001854238 
US 2002119203 
US 2002224263 

US 93149203 
US 95403009 
US 97950702 
US 2000546252 
US 2001854238 
US 2002119203 
US 2002224263 



Kind 


Date 


A 


19931109 


A 


19950310 


A 


19971015 


A 


20000410 


A 


20010511 


A 


20020408 


A 


20021105 


A- 


19931109 


A 


19950310 


A 


19971015 


A 


20000410 


A 


20010511 


A 


20020408 


A 


20021105 



Week 
200335 



B 



200413 



A 20000410; US 2001854238 A 20010511; OS 2002119203 A 20020408 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes „ n4 a ? n 3 
US 20030037784 Al 54 A61M-016/00 CIP of application US 93149203 

CIP of application US 954030Uy 
CIP of application US 97950702 
CIP of application US 2000546252 
CIP of application US 2001854238 
CIP of application US 2002119203 
CIP of patent US 5441658 
' CIP of patent US 5692498 
CIP of patent US 6062219 
US 20040016428 A9 A61M-016/00 CIP of application ^93149203 

CIP of application US 95403009 
CIP of application US 97950702 
CIP of application US 2000546252 
CIP of application US 2001854238 
CIP of application US 2002119203 
CIP of patent US 5441658 
CIP of patent US 5692498 
CIP of patent US 6062219 
CIP of patent US 6526973 
CIP of patent US 6604523 
increasing blood circulation in breathing person, involves interfacing 
valve system to airway to decrease respiratory gas flow to lungs and 
permitting person to inhale and exhale through system 
Inventor: LURIE K G 

Abstract (B ^ic^ s . ng circulation in a breathing person comprises 

interfacing a valve system (VS) to the persons airway. The VS is 
confiqured to decrease or prevent respiratory gas flow to lungs 
during an inhalation event. The person is permitted to inhale and.. 

The method spontaneously increases the blood circulation in a 
" ' ' breathing person and increases the magnitude and prolongs the duration 
of negative intrathoracic pressure in the chest. The valve system 
provides a safety ventilation passage. The method prevents foreign 
(outside) air from flowing to lungs during attempted inhalations to 
improve and sustain the duration of negative intrathoracic pressure 
and improve blood oxygenation and cardiopulmonary circulation... 
...Title Terms: BREATH ; 

International Patent Class (Main) : A61M-016/00 



6/3, K/7 (Item 7 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2004 Thomson Derwent. All rts. reserv. 

015249846 **Image available** 

PeLted W°Pi Acc 3 No!T9 2 9^ 0 193 3 914; 1996-433571; 2000-421466; 2002-139260; 
2002-641994? 2002-681034; 2003-030322; 2003-371349; 2003-766762 

XRPX Acc No: N03-247313 

Increasing method for blood flow to the thorax by manipulating patient 
body where inflow valve prevents respiratory gases from entering lungs 
until negative intrathoracic pressure level range is exceeded 

Patent Assignee: CPRX LLC (CPRX-N) 

Inventor: ' GOLD B; LURIE K G ; SWEENEY M 



Number of Countries: 
Patent Family: 
Patent No Kind Date 

US 6526973 Bl 20030304 



001 Number of Patents: 001 



Applicat No Kind Date 
US 93149204 A 19931109 

US 95403009 A 19950310 

US 97950702 A 19971015 

US 2000546252 A 20000410 



Week 
200330 



Patent No Kind Lan Pg Main IPC 
US 6526973 Bl 24 A62B-009/02 



Priority Applications (No Type Date): US 97950702 A 19971015; US 93149204 A 

19931109; US 95403009 A 19950310; US 2000546252 A 20000410 
Patent Details: 

Filing Notes 

CIP of application US 93149204 
CIP of application US 95403009 
Cont of application US 97950702 
CIP of patent US 5551420 
CIP of patent US 5692498 
Cont of patent US 6062219 
method for blood flow to the thorax by manipulating patient body where 
inflow valve prevents respiratory gases from entering lungs until 
negative intrathoracic pressure level range is exceeded 
. . .Inventor: LURIE K G 

Abstract (Basic) : 

The patient body is manipulated to increase magnitude and 
duration of patient's negative intrathoracic pressure , During 
manipulation, the inflow valve prevents respiratory gases from 
entering the lungs until a negative intrathoracic pressureO level 
ranging from 0 to -30 cm of water is exceeded. One inflow valve assists 
in increasing magnitude and duration of negative pressure to 
enhance blood flow amount. 

For increasing cardiopulmonary circulation induced by chest 
compression and decompression when performing cardiopulmonary 
resuscitation . 



...Amplifies the total intrathoracic pressure swing by augmentation of both 
negative and positive intrathoracic pressure . 

...Title Terms: RESPIRATION ; 

International Patent Class (Main) : A62B-009/02 



6/3, K/8 (Item 8 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2004 Thomson Derwent . All rts . reserv. 

015058548 **Image available** 

WPI Acc No: 2003-119064/200311 

XRPX Acc No: N03-094745 

Remote medical treatment system e.g. for treating heart attack, has 
remote device which controls treatment device by transmitting treatment 
control signal received from central controller in response to monitoring 
signal 

Patent Assignee: CPRX LLC (CPRX-N) 
Inventor: LURIE K G ; ZIELINSKI T M 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 6459933 Bl 20021001 US 2000186088 P 20000309 200311 B 



US 2000564889 A 20000504 



Priority Applications (No Type Date) : US 2000186088 P 20000309; US 

2000564889 A 20000504 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

US 6459933 Bl 10 A61N-001/39 Provisional application US 2000186088 
Inventor: LURIE KG... 

. . . ZIELINSKI T M 

Abstract (Basic) : 

patients remote from medical facility during emergency 
situations such as sudden cardiac arrest, loss of breath , heart 
attack, arrhythmias, ventricular fibrillation, ventricular tachycardia, 
end tidal C02, 02 saturation, inspiratory and expiratory. . . 



6/3, K/9 (Item 9 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2004 Thomson Derwent . All rts . reserv. 

014986562 **Image available** 

WPI Acc No: 2003-047077/200304 

XRPX' Acc No: N03-037043 

CPR assistance device for patient under sudden cardiac arrest, has 
stethoscope system connected to applicator body to detect patient's heart 
beat and to disseminate heart beat information to rescuer 

Patent Assignee: CPRX LLC (CPRX-N) 

Inventor: LURIE K G ; ZIELINSKI T M 

Number of Countries: 099 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

WO 200291905 A2 20021121 WO 2002US14038 A 20020501 200304 B 

Priority Applications (No Type Date): US 2001854404 A 20010511 
Patent Details : 

Patent No Kind Lan Pg Main IPC Filing Notes 

WO 200291905 A2 E 37 A61B-000/00 

Designated States (National) : AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA 

CH CN CO CR CU CZ DE DK DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN 

IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ 

OM PH PL PT RO RU SD SE SG SI SK SL TJ TM TN TR TT TZ UA UG UZ VN YU ZA 
ZM ZW 

Designated States (Regional) : AT BE CH CY DE DK EA ES FI FR GB GH GM GR 

IE IT KE LS LU MC MW MZ NL OA PT SD SE SL SZ TR TZ UG ZM ZW 

CPR assistance device for patient under sudden cardiac arrest, has 
stethoscope system connected to applicator body. . . 
Inventor: LURIE KG... 

. . . ZIELINSKI T M 

Abstract (Basic) : 

... The CPR assistance device (10) has an applicator body (12) for 

arrangement on the chest of a. . . 
... a) a CPR performing method. . . 



. b) and a CPR performing system. 




...For use in performing cardio pulmonary resuscitation to patient under 
sudden cardiac arrest... 



.determination of heart beat of patient under cardiac arrest, before, 
during and after performance of CPR to patient. Enables disseminating 
patient's heart beat information to rescuer so that rescuer can 
determined whether CPR should continue. Enables rapid evaluation of 
heart beat of patient to determine return of spontaneous circulation 
without requiring removal of CPR assistance device from patient... 



...The figure shows the side view of 
stethoscope . . . 

... CPR assistance device (10 
Title Terms: CPR ; 



CPR assistance device with internal 



6/3,K/10 (Item 10 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2004 Thomson Derwent . All rts. reserv. 

014969808 **Image available** 
WPI Acc No: 2003-030322/200302 

Related WPI Acc No: 1995-193914; 1996-433571/ 2000-421466; 2002-139260; 

2002-641994; 2002-681034; 2003-310772; 2003-371349; 2003-766762 
XRPX Acc No: N03-023968 

Blood pressure increasing device for spontaneously breathing patient, 

has inflow valve to vary respiratory gas flow through housing due to' 

patient inhalation 

Patent Assignee: ADVANCED CIRCULATORY SYSTEMS INC (ADCI-N) ; CPRX LLC 
(CPRX-N) 

Inventor: LURIE K G ; ZIELINSKI T M 

Number of Countries: 101 Number of Patents: 004 
Patent Family: 
Patent No Kind 
WO 200292169 Al 
US 20020170562 Al 



US 6604523 



EP 1387714 



B2 



Al 



Date 


Applicat No 


Kind 


Date 


Week 


20021121 


WO 


2002US14039 


A 


20020501 


200302 B 


20021121 


US 93149204 


A 


19931109 


200323 




US 


95403009 


A 


19950310 






US 


97950702 


A 


19971015 






US 


2000546252 


A 


20000410 






US 


2001854238 


A 


20010511 






US 


2002119203 


A 


20020408 




20030812 


US 


93149204 


A 


19931109 


200355 




US 


95403009 


A 


19950310 






US 


97950702 


A 


19971015 






US 


2000546252 


A 


20000410 






us 


2001854238 


A 


20010511 




20040211 


EP 


2002769675 


A 


20020501 


200411 




WO 


2002US14039 


A 


20020501 





Priority Applications (No Type Date) : US 2002119203 A 20020408; US 

2001854238 A 20010511; US 93149204 A 19931109; US 95403009 A 19950310- US 
97950702 A 19971015; US 2000546252 A 20000410 

Patent Details: 

Patent No Kind Lan Pg Main IPC 

WO 200292169 Al E 98 A62B-009/02 

Designated States (National) : AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA 
CH CN CO CR CU CZ DE DK DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN 
IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ 
OM PH PL PT RO RU SD SE SG SI SK SL TJ TM TN TR TT TZ UA UG UZ VN YU ZA 
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Blood pressure increasing device for spontaneously breathing patient, 
has inflow valve to vary respiratory gas flow through housing due to 
patient inhalation 
Inventor: LURIE KG... 
. . . ZIELINSKI T M 



Abstract (Basic) : 

... interfaced with a patient's airway. An inflow valve (24) 

operated by a mechanism, varies respiratory gas flow through the 
housing due to patient inhalation and assists in manipulating 
intrathoracic pressures... 

... 1) Method for increasing blood pressure in spontaneously 

breathing person... 

...For increasing cardiopulmonary circulation in spontaneously breathing 
patient with severe low blood pressure or cardiac arrest... 

...By varying respiratory gas flow through housing, the negative 

intrathoracic pressure is increased when the patient inhales and more 
blood is returned to the right heart... 

...Title Terms: BREATH ; 
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Ventilator monitoring system for use in hospitals, has server 

comprising dedicated ventilator application program for 'each type of 

heterogeneous ventilator 
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Ventilator monitoring system for use in hospitals, has server 
comprising dedicated ventilator application program for each type of 
heterogeneous ventilator 
Inventor: BIONDI J W ... 

Abstract (Basic) : 

A server (36) comprises a dedicated ventilator application 
program (50) for each type of heterogeneous ventilators (20), and a 
database (44) storing data from the ventilators . A listener/pollster 
transmits requests to and receives data from the ventilators , through 
a data access point, and passes requests to and data from the program. 
A. . . 

Ventilator monitoring system for use in hospitals and other 
health-care institutions... 

...Enables monitoring and collection of data such as ventilator settings, 
measured patient values, alarm conditions, etc., from heterogeneous 
ventilators , for display at a central monitoring station... 



.The figure shows the block diagram of the ventilator monitoring syst 



em 



. . . Ventilator (20 
Title Terms: VENTILATION 
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Person's ventilation altering method for providing positive 
expiatory pressure involves controlling valve opening depending upon 
the specify actuating pressure which is varied over time 
Inventor: LURIE KG... 



. . . ZIELINSKI T 

Abstract (Basic) : 

An exit valve is opened or closed to block/permit respiratory 
gases from/to patient's lungs. The valve is opened when specie 
actuating pressure is... F 

... • An INDEPENDENT CLAIM is included for method for performing 

cardiopulmonary resuscitation . 9 



. . .For providing positive expiratory pressure (PEP... 

...oxygenation while maintaining and/or increasing coronary perfusion 
pressure,, thereby increasing the procedure of cardiopuLonary 
resuscitation ( CPR ) procedure... Y 

...The figure shows the flow chart illustrating method for performing CPR 

using an exit valve to alter the person's PEP over time 9 
...Title Terms: VENTILATION / 
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Increasing cardiopulmonary circulation during cardiopulmonary 
resuscitation involves using pressure-responsive inflow valve which 
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Patent Assignee: CPRX LLC (CPRX-N) 
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Increasing cardiopulmonary circulation during cardiopulmonary 

resuscitation involves using pressure-responsive inflow valve which 
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Inventor: LURIE KG ... 



Date 
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19971015 
20000410 
20010511 



. . . ZIELINSKI T M 

Abstract (Basic) : 

Cardiopulmonary circulation during cardiopulmonary 
resuscitation is increased by interfacing valving system having 
Pressure-responsive inflow valve to a patient's airway, performing 
chest compression and decompression, and supplying pressurized 
respiratory gas via the inflow valve. The inflow valve prevents 
respiratory gas from entering the lungs during chest decompression. 

Increasing cardiopulmonary circulation during cardiopulmonarv 
resuscitation includes interfacing a valving system with a patient 's 
airway, performing chest compression and decompression, and supplvina 
pressurized respiratory gas to the patient. The valving system ^ 9 
comprises a housing having upstream and downstream regions, and a 
pressure-responsive valve to prevent respiratory gas from JJowina 
from the upstream region to the downstream region^ until the pressure in 
the downstream region falls below a threshold level . During chesT 
decompression the inflow valve prevents respiratory gas from 
entering the lungs until a predetermined negative intra-thoracic 
pressure level is exceeded at which time the inflow valve opens The 
inflow valve assists in increasing the magnitude and duration of' 

the amlunt'or^n ° pressure duri ^ decompression and enhances 

the amount of blood flow into the heart and lungs. The pressurized 
respiratory gas is supplied via the inflow valve when the valve opens 
to ventilate the patient. An INDEPENDENT CLAIM is included for a 
device for carrying out the method... ' a 

...is used in increasing cardiopulmonary circulation induced bv chest 
compression and decompression when performing cardiopulmonarv 



resuscitation 



It 



irdiopulmonary 
is useful in increasing blood pressure in 



spontaneously breathing person having low blood pressure secondary to 
vasovagal syncope or due to blood loss, administration.. 
Technology Focus: 

... valye to the patient's airway to prevent air from leaving the 

lungs until a positive intra-thoracic pressure of 2-20 cm H20 is 
exceeded at which time the exhalation valve opens. The... 

'■' Pr 3u e ^ e H,o ar TH eterS: ^ ne * ative intra-thoracic pressure is -3 to 
30 cm H20. The respiratory gas has a pressure that is less than the 
opening pressure of inflow valve. . . 

...than the actuating pressure of the inflow valve, and a safety mechanism 
for maintaining safety ventilation passageway open to permit 

brrresculr.'xhe' 0 /" 61 " £1 °" t0 P atient ' s ^ until actuated 

"'°rescu e f^;^ e ****** Z echanism comprises a sensor to detect when the 
rescuer injects respiratory gas into the housing, and a control 
system to move the inflow valve from open... 

...Title Terms: RESUSCITATION ; 
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Cardiopulmonary resuscitation training apparatus for use to train 
individuals to do resuscitation has inflatable bladder beneath flexible 
compression platform included in compression compartment 
Inventor: LURIE KG... 



. . . ZIELINSKI T M 



Abstract (Basic) : 

To train individuals to do CPR (Cardiopulmonary Resuscitatxon 

) • 



...The drawing shows a CPR training device 
Title Terms: RESUSCITATION 
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Cardiopulmonary circulation increasing method for cardxopulmonary 
resuscitation , involves simulating diaphragm to contract, to suddenly 
increase negative intrathoracic pressure during recovery phase 
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Cardiopulmonary circulation increasing method for cardiopulmonary 
resuscitation , involves simulating diaphragm to contract, to suddenly 
increase negative intrathoracic pressure during recovery phase 
. . .Inventor: LURIE K G 

Abstract (B ^ s ^[^ ent , s chest is actively compressed during a compression 
" ' ' phase of the cardiopulmonary resuscitation ( CPR ) . The diaphragm is 
simulated to contract to cause a sudden rise in the magnitude and 
duration of negative intrathoracic pressure during a recovery phase 
so as to enhance the amount of venous blood flow into.. . . 
a) Cardiopulmonary resuscitation method... 

...b) Cardiopulmonary resuscitation assistance device .. . 

For increasing cardiopulmonary circulation during cardiopulmonary 
resuscitation ( CPR ) such as standard, manual, closed chest CPR , 
interposed abdominal counter pulsation CPR , ACD- CPR , Lifestick 
CPR , etc. . . , 

...The figure illustrate a cardiopulmonary resuscitation assistance 

device when used to treat a patient... 
...Title Terms: RESUSCITATION ; 
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.Inventor: LURIE KG... 
. ZIELINSKI T M 

.Abstract (Basic!: cauaa tha diaphrag, " contract and "use >«J££?°° 

the diaphragm with a. . . 

control airflow into the patient's airway to further increase the 
magnitude and duration of negative intrathoracxc pressure . Thxs 



forces more blood into the thorax... 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for a method for 
ventilating a patient, for a method of increasing blood flow to the 
thorax, for a medical... 



. USE 



For cardiopulmonary resuscitation . 



ADVANTAGE - Improved patient ventilation , especially if intubation is 
•"ble o'r where P ventilation can result in bursting of pulmonary 

alveoli and bronchioles... . , 

. DESCRIPTION OF DRAWING (S) - The figure shows a respxratory muscle 

stimulation device 
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... ZIELINSKI T M 

..Abstract (Basic): NOVELTY - Mask comprises a valve (24) enabling 

respiratory gases to flow into and out of the mask body (12) and a 
metronome (26. . . 

chest compression signal at 50-100 signals per minute facilitating 

'regular chest compressions when performing CPR - The metronome has a 
light (36) and speaker (34), the bottom end of the mask... 

. DETAILED DESCRIPTION - There are INDEPENDENT CLAIMS for (1) a CPR 
method, (2) a CPR kit... 

..USE - Mask is for use in cardiopulmonary resuscitation . 

..Title Terms: RESUSCITATION ; 
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Cardiopulmonary circulation enhancement in cardiopulmonary resuscitation 
involves increasing amount of venous blood flow to heart and lungs by 

increasing magnitude and duration of negative intrathoracic pressure 
...Inventor: LURIE K G 

Abstract (Basic) : , . . _ 

The patient's chest is actively compressed during the 
"' compression phase. Some of the respiratory muscles are stimulated to 
contract, to increase the magnitude and duration of negative 
intrathoracic pressure during decompression phase. The increase in 
the magnitude and duration of negative intrathoracic pressure 
enhances the amount of venous blood flow into the heart and lungs. 

The respiratory muscles are stimulated to contract at a 
frequency range of 30-120 times per minute, by applying electric 



current to phrenic nerve. An INDEPENDENT CLAIM is also included for 
cardiopulmonary resuscitation device... 

.For increasing cardiopulmonary circulation during cardiopulmonary 
resuscitation procedures . . . 

Cardiopulmonary circulation is increased during cardiopulmonary 
resuscitation procedures by enhancing the amount of venous blood flow 
to heart and lungs. The amount of negative intrathoracic pressure 
generated by contraction of respiratory muscles are used to adjust 
energy needed for subsequent contractions, hence respiratory muscles 
stimulating system can be located in emergency vehicle or health care 
facility. . . 



.The figure shows the schematic view of 

device . . . 
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Automatic weaning of patient from medical ventilator , involves 
adjusting patient support level according to comparison results of 
patient Spontaneous breathing rate and minute volume with preset range 
Inventor: BIONDI J W . . . 



Abstract (Basic): nrnr „„ or . 

system (41) with pressurized gas source (45) . A data processor 
(30) detects and measures spontaneous breathing rate of patient. A 



flow meter (11) measures patient's minute volume. The detected 
breathing rate and measured minute volume are compared with preset 
range of breathing rates and preset tidal volume respectively, based 
on which the processor adjusts patient's support... 

An INDEPENDENT CLAIM is also included for ventilator system 
for automatically weaning patient from ventilator . 

.For control of ventilator pneumatic system in medical ventilator . 

Automatically weans a patient from ventilator and reduces air-way 
resistance in the breathing circuit during exhalation and enables the 
clinician to determine the optimal therapy for the patient... 

.The figure shows the block diagram of ventilator . 
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the ventilation bag, the ventilation valve serves to introduce axr 
into the device 

Patent Assignee: CPRX LLC (CPRX-N) 

Inventor: GOLD B; LURIE K G ; SWEENEY M 

Number of Countries: 001 Number of Patents: 001 

Patent Family: . 

Applicat No Kind 

US 93149204 A 

US 95403009 A 

US 97950702 A 



Patent No 
US 6062219 



Kind Date 
A 20000516 



Date 
19931109 
19950310 
19971015. 



Week 
200036 



B 



Priority Applications (No Type Date) 

19931109; US 95403009 A 19950310 
Patent Details: 

Patent No Kind Lan Pg Main IPC 
US 6062219 A 23 A62B-009/02 



US 97950702 A 19971015; US 93149204 A 



Filing Notes 

CIP of application US 93149204 
CIP of application US 95403009 
CIP of patent US 5551420 
CIP of patent US 5692498 
Apparatus and methods for assisting cardiopulmonary resuscitation that 
incorporates a transition tube, which connects the endotracheal tube to 
the ventilation bag, the ventilation valve serves to introduce air 
into the device 
.Inventor: LURIE K G 



Abstract (Basic) : 



consists an endotracheal tube (36), which is placed into the 
' * ' patients trachea and provides a ventilation passageway Connected is 
a transition tube (38), which connects the endotracheal tube to the 
ventilation bag (28). The ventilation valve (26) serves to introduce 
air into the device. Attached or connected to the transition... 

airflow responsive valve (24). The inflow valve is biased so that it 
opens when the negative intrathoracic pressure in the patients 
chest reaches a threshold amount. _ 

External chest compression and decompression as part or tne 
cardiopulmonary resuscitation procedures... 

...Properly ventilate the patient with air, in a controlled manner... 
... Ventilation valve (2 6... 

. . . Ventilation tube (28 

Title Terms: RESUSCITATION ; 
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Cardiopulmonary resuscitation ventilator for ventilating patient 
uses ventilator to periodically supply respiratory gases to patient's 
lungs using sensor to detect chest compressions by sensing intrathoracic 
pressure. . . 
Inventor: LURIE KG... 

. . . ZIELINSKI T M 

Abstract (Basic): 

The cardiopulmonary resuscitation ventilator ventilates a 
patient using a ventilator (12) to periodically supply respiratory 
gases to patient's lungs and uses a sensor (14) to detect chest 
compressions by. . . 

pressure changes. A controller is coupled to the sensor to control the 
action of the ventilator after a predetermined number of chest 
compressions are detected by the sensor. 

As a cardiopulmonary resuscitation ventilator for 
ventilating a patient... 

...Easily and conveniently co-ordinates the timing of chest compressions 
with the ventilation , and precisely controls the volume of 
respiratory gases delivered to the patient... 



The drawing shows a schematic view of the ventilator coupled to a 
valve with a sensor to detect chest compressions by sensing changes 



in 



. . . ventilator (12 
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Heart failure mask and methods for increasing negative intrathoracic 
pressures that incorporates an airflow controller 
Inventor: LURIE K G 



Abstract (Basic): 

includes an inflow hole (36) and a pair of outflow holes. (38). 
The holes allow respiratory gasses to flow into and out from mask 
(12), when valves (22) and (24) are... 

...The treatment proceeds by preventing respiratory gasses from entering 
the patients lungs during inhalation until a negative intrathoracic 
pressure within a desired range is developed within the patient .. . 
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Method for increasing cardiopulmonary circulation when performing 
cardiopulmonary resuscitation 
. . Inventor : LURIE KG... 



... ZIELINSKI T M 

Abstract (Basic) : 

Respiratory muscles are stimulated during a decompression 
phase by applying electric or magnetic energy to the... 

...cause the patient to gasp. The energy is applied such that magnitude and 
duration of negative intrathoracic pressure is increased, to 
enhance flow of blood in heart and lungs. 

During stimulation, the respiratory muscles contract at a 
specific frequency between 30-120 times per minute. Respiratory gases 
may be supplied to' the lung... 



. INDEPENDENT CLAIMS are also included for a device to assist in 

cardiopulmonary resuscitation , a stimulation system, a system for 
producing a cough and a kit for cardiopulmonary 
including the device... 



resuscitation 



..For cardiopulmonary resuscitation for treatment of sudden cardiac 
arrests ... 

..Enhances cardiopulmonary resuscitation , as electric or magnetic pulses 
are applied for muscle stimulation... 

..The figure shows a top plan view of a respiratory muscle stimulation 

device ... 
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Abstract (Basic) : 

peak exhalation flow rate an airway resistance. An effective 
airway pressure is calculated and a negative airway pressure is 
applied to an exhalation circuit such that the effective circuit 
pressure is greater than zero and less than positive end-expiratory 
pressure ( PEEP ) . 

alarm and .mandatory patient support upon detection of apnea 
(i.e., the detected absence of breathing ), During operation, both 
systems perform background tests to detect system faults. INDEPENDENT 
CLAIMS are included for: a ventilator assist device controlling 
processor and user interface. . . 

...For controlling a ventilator pneumatic system... 

...Reduces patient work of breathing without compromising patient 
ventilation requirements. . . 

... ventilator control system (10 
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..Abstract (Basic): in conjunction with one or more adrenergic agents; 
when administered to a patient undergoing cardiopulmonary' 
resuscitation ; are new. Also claimed are: (a) a kit for the treatment 
of cardiac arrest ' comprising .. . 

..instructions indicating that the active agents are to be administered to 
a patient undergoing cardiopulmonary resuscitation . 

..The kits are useful in treatment of cardiac arrest when administered to 
patients undergoing cardiopulmonary resuscitation . 
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Catheter for use in the coronary sinus - has main reinforced portion, 
intermediate zone portion and tip portion, where portion of the catheter 
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Abstract (Basic) : The cardio-pulmonary resuscitation device has an 
airflow impeding structure in the form of a restrictive orifice or a 
pressure responsive valve (24) placed within or in series with a mask 
or breathing tube (36... 

ADVANTAGE - Enhances extent and duration of negative intra-t-horacic 
pressure during decompression of the patient's chest to enhance venous 
blood flow into the heart and lungs from the peripheral venous 
vasculature when performing cardio-pulmonary resuscitation . 

Abstract (Equivalent): The cardio-pulmonary resuscitation device has 
an airflow impeding structure in the form of a restrictive orifice or a 
pressure responsive valve (24) placed within or in series with a mask 
or breathing tube (36... 

.ADVANTAGE - Enhances extent and duration of negative intra-thoracic 
pressure during decompression of the patient's chest to enhance venous 
blood flow into the heart and lungs from the peripheral venous 
vasculature when performing cardio-pulmonary resuscitation . 
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Catheter for insertion in ostium of coronary sinus in right atrium - has 
main reinforcing portion, intermediate zone portion and soft tip portion, 
with portion of catheter is curved in double curve, with first and second 
curve being longitudinal curves 
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...Abstract (Basic): A patient breathing circuit includes a first port 
for introducing the gas into the patient breathing circuit with a 
humidifier downstream from the inlet for humidifying the gas, and a 
flexible ... 

...a heating device for heating the sterilisation chamber, and is located 
upstream from the patient breathing circuit... 

. ADVANTAGE - Allows a patient to spontaneously breathe from the bag 
reservoir at any time and allows the pneumatic circuit to deliver a 
control breath through the bag by pressurizing the canister that the 
bag resides in. The patient breathing circuit provides significant 
advantages when compared to other ventilator circuits namely, ease of 
spontaneously rebreathing. Therefor the external gas mixing is allowed 
as well ... 

...Abstract (Equivalent): A pneumatic system for a ventilator in fluid 
communication with a source of gas comprising... 

...a patient breathing circuit including a first port for introducing 

said gas into said patient breathing circuit, a humidifier downstream 
from said source of gas for humidifying said gas, a flexible... 
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.Abstract (Basic): impeding air flow into the patient's lungs to enhance 
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...Abstract (Equivalent): method for increasing cardiopulmonary circulation 
induced by chest compression and decompression when performing cardio 
pulmonary resuscitation , by augmenting at least the negative 
intrathoracic pressure , said method comprising the steps of... 

. . .providing a ventilatory tube having a length which extends at least 
between a patient's mouth and throat, a source of respiratory gases, 
and at least one inflow valve... 

...compression and chest decompression, wherein during chest decompression, 
said at least one inflow valve prevents respiratory gases from 
entering the lungs until a negative intrathoracic pressure level is 
exceeded at which time said at least one inflow valve opens, said at 
least one inflow valve assisting in increasing the magnitude and 
duration of negative intrathoracic pressure during decompression 
and thereby enhancing the amount of venous blood flow into the heart 
and. . . 

. . .periodically, every 2-10 chest compressions, supplying the patient with 
gas from the respiratory gas source so as to properly ventilate the 
patient ... 
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volume from lungs beginning during diastolic period of same cardiac cycle 

Inventor: BIONDI J W . . . 

...Abstract (Basic): The method of providing circulatory and respiratory 
assistance in a patient having a cardiac cycle including a ventricular 
systolic portion and a ventricular diastolic portion, involves 
beginning the introduction of the respiratory gas upon the start of 
an inhalation by the patient, determining the onset and duration... 

...increasing the intra-thoracic pressure of the patient by introducing a 
volume of a respiratory gas into the lungs of the patient during the 
ventricular systolic portion of the cardiac... 

...intra-thoracic pressure of the patient is reduced by beginning 

extracting the volume of the respiratory gas from the lungs of the 
patient during the diastolic portion of the same cardiac... 

. . . USE /ADVANTAGE - Providing circulatory and respiratory assistance. 

Provides improved cardiac output while employing normal physiological 

breath rate and tidal volume... 
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...Abstract (Basic): ADVANTAGE - Provides an alternatively compressing and 
expanding of patient's chest to induce both ventilation and blood 
circulation . . . 

. . .Abstract (Equivalent) : A device for performing cardiopulmonary 

resuscitation of a patient, said device comprising... 
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. . .Abstract (Basic) : Resuscitating a patient suffering from cardiac 
arrest comprises actively inducing venous blood transport into the 
heart and arterial blood transport from the heart, ventilating the 
patient's lungs, admin, to the patient concurrently with the inducing 



and ventilating steps of an amt . of an arterial constrictor 
sufficient to increase the patient arterial blood pressure, and admin 
to the patient concurrently with the inducing and ventilating steps 
of an amt. of a venodilator sufficient to enhance arterial blood flow 
to the . . . 



...USE/ADVANTAGE - The method and compsns . are useful for resuscitating 
patients suffering from cardiac arrest. The method enhances patient 
- survival and reduces heart and brain- 

. . .Abstract (Equivalent) : A method for resuscitating a patient suffering 
from cardiac arrest, said method comprising... 

...b) ventilating the patient's lungs... 

...c) administering to the patient concurrently with said inducing and 
ventilating steps, a bolus of medicament comprising epinephrine and 
nitroglycerin in amounts of from 1 mg. . . 
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...Abstract (Basic): USE /ADVANTAGE - Cardiopulmonary resuscitation 

device. Actively expands halienty chest to improve respiration and 
blood flow. . . 

...Abstract (Equivalent): USE/ADVANTAGE - Cardiopulmonary resuscitation 
device. Actively expands halienty chest to improve respiration and 
blood flow. . . 
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synchronising with the cardiac cycle, for example, by inflating a 
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impedance threshold valve . 
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Apr 1998 , 

... to assess whether intermittent impedance of inspiratory gas exchange 
improves the efficiency of standard cardiopulmonary resuscitation ( CPR 
). BACKGROUND: Standard CPR relies on the natural elastic recoil of the 
chest to transiently decrease intrathoracic pressures and thereby promote 
venous blood return to the heart. To further enhance the negative 

intrathoracic pressures during the "relaxation" phase of CPR , we 
tested the hypothesis that intermittent impedance to inspiratory gases 
during standard CPR increases coronary perfusion pressures and vital 
organ perfusion. METHODS: CPR was performed with a pneumatically driven 
automated device in a porcine model of ventricular fibrillation. Eight pigs 
were randomized to initially receive standard CPR alone, while seven pigs 
initially received standard CPR plus intermittent impedance to 
inspiratory gas exchange with a threshold valve set to -40 cm H20. The 
compression: ventilation ratio was 5:1 and the compression rate was 
80/min. At 7-min intervals the impedance threshold valve (ITV) was either 
added or removed from the ventilation circuit such that during the 28 min 
of CPR , each animal received two 7-min periods of CPR with the ITV and 
two 7-min periods without the valve . RESULTS: Vital organ blood flow was 
significantly higher during CPR performed with the ITV than during CPR 

performed without the valve . Total left ventricular blood flow 
(mean+/-SEM) (mL/min/g) was 0 . 32+/-0 . 04 . . . 

... vital organ blood flow and coronary perfusion pressure. CONCLUSIONS: 
Intermittent impedance to inspiratory flow of respiratory gases during 
standard CPR significantly improves CPR efficiency during ventricular 
fibrillation. These studies underscore the importance of lowering 
intrathoracic pressures during the relaxation phase of CPR . 
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Recent advances in mechanical methods of cardiopulmonary resuscitation . 

Lurie K G 
1997 

Several new CPR techniques and devices have been developed and tested 
since the first report of manual closed-chested cardiopulmonary 
resuscitation ( CPR ) nearly four decades ago. These devices and 
techniques include vest CPR , interposed abdominal counterpulation CPR , 
active compression-decompression CPR , an impedance threshold valve , 
intra-aortic balloon pump and phased thoracic-abdominal counterpulsation. 
Many of these new mechanical advances... 
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—physiology— PH; Blood Circulation; Blood Pressure; Cardiopulmonary 
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with an inspiratory impedance valve . 
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BACKGROUND* Active compression-decompression (ACD) cardiopulmonary 
resuscitation ( CPR ) has recently been demonstrated to provide 
significantly more blood flow to vital organs during cardiac... 

the hypothesis that intermittent impedance to inspiratory gas exchange 
during the decompression phase of ACD CPR enhances vital organ blood 
flow. METHODS AND RESULTS: ACD CPR was performed with a pneumatically 
driven automated compression-decompression device in a porcine model of 
ventricular fibrillation (VF) . Nine pigs were randomized to receive ACD 
CPR alone, while 8 pigs received ACD CPR plus intermittent impedance to 



inspiratory gas exchange with a threshold valve set to 40 cm H20 Results 
comparing 2 minutes of ACD CPR alone versus ACD CPR with the 
inspiratory impedance threshold valve (ITV) revealed signif icantly higher 
mean (+/- SEM) coronary perfusion pressures (diastolic aortic mrnus 
diastolic right atrial "pressures) in the ITV.(310 + /- 2. mm »g) group 
versus with ACD CPR alone (21 +/- 3.6mmHg) (P <• 05) . Total left 
ventricular and cerebral blood flows... 

77 , /_ o 095 and 0 . 4 7 +/- 0.06 mL/mih per gram, respectively-, with ACD 
'CPR plus the ITV versus 0.45 +/- 0.1 and 0.32 +/- 0.016 mL/min per gram, 
respectively, with ACD CPR alone ( P <. 05 ). Similar improvements xn the 
ITV group were observed after 7 minutes of ACD CPR . After 16 minutes of 
VF and 13 minutes of ACD CPR , 6 of 8 pigs in the group were 

successfully resuscitated with less than three successive 150-J shocks 
whereas only 2 of 9 pigs with ACD CPR alone were resuscitated with 
en energy levels (P < .02). With up to three additional and 
successive 200- J shocks, all pigs in the ITV group and 7 of 9 pigs with ACD 
CPR alone were resuscitated (P = .18). CONCLUSIONS : Intermittent 
impedance to inspiratory flow of respiratory gases during ACD CPR 
significantly improves coronary perfusion pressures and vital organ blood 
flow and lowers defibrillation energy requirements 

Descriptors: Cardiopulmonary Resuscitation -methods— MT; *Heart Arrest 
-therapy-TH; Animals; Cardiopulmonary Resuscitation -instrumentation 
-IS- Heart Arrest-etiology-ET; Heart Arrest-physiopathology-PP; 
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rate 3 of ten per minute while the airway was intermittently occluded 
with' an inspiratory threshold valve between positive pressure 
ventilations . Hemodynamic variables were monitored for 30 nuns . 
MEASUREMENTS AND MAIN RESULTS: Phrenic nerve stimulatxon in combination 
with the inspiratory threshold valve significantly (p <.001) improved 
right and left ventricular diameter compared with hypovolemic shock values 
by. . . 



5% and 20 +/- 2.5%, respectively. Moreover, phrenic nerve stimulation 
together with the inspiratory threshold valve also increased transaortic, 
transpulmonary, and transmitral valve blood flow by 48 +/-. 6.6%, 67 +/- 
13.3, and 43 +/- 8.2%, respectively (p. . . 

... Hg, respectively). CONCLUSIONS: This feasibility study suggests that 
phrenic nerve stimulation with the inspiratory threshold valve may 
improve cardiac preload and, subsequently, key hemodynamic variables in 
porcine model of severe hemorrhagic. . . - - - - - -- - 
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Jan 2003 , 

OBJECTIVE: Assess a prototype inspiratory impedance threshold valve 
(ITV) designed to enhance vital organ circulation during standard and 
active compression/decompression cardiopulmonary resuscitation ( CPR ) . 
BACKGROUND: The ITV attaches to commonly used airway assist devices and 
decreases intrathoracic pressure during the decompression (chest recoil) 
phase of CPR by creating a vacuum within the thorax, which increases 
venous blood flow to the heart... 

test was developed to determine the inspiratory impedance under various 
inspiratory flow conditions. RESULTS: The valve passed all minimum ASTM 
and ISO performance tests. During cardiac arrest in pigs the ITV..; 

2)0 should be sufficient to decrease intrathoracic pressure during the 
decompression phase of standard CPR . Clinical studies are now underway. 
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Use of an inspiratory impedance valve improves neurologically intact 

"~£L in ^^ Tom; 

Voelckel Wolfgang 

BACKGROUND 2 'This study evaluated the potential for an inspiratory 
impedance threshold valve (ITV) to improve 24-hour survival and 



neurological function in a pig model of cardiac... 

"vlve 'the c e «bLl7erfoma-^-s^ie--(pho»- a , ^ 



in 

24 hou 



was ^.^.-r/ ^. sham versus 12 of 1 / in tne activt; 

, n ™o /PFTrn?l values were significantly nignei wxlu 

end-tidal C02 (PETCO^) v f iue ^ " 9 J., s , (P <0 05) PETC02 . . . 
valve (20.4+/-1.0) than the sham (16.8+/-1.5) (P<U.uo). 

. z. ■ ^ cnnval (P<0 05). CONCLUSIONS: Use of a 

...correlated wl ^h increased survival <P<°.^> improved 24-hour 

functional I TV during standard CPR f 1 ^"^ * svstolic blood 



^^s^^^^i V — 

SSrSS^rt further evasion of "^.s, 

Descriptors : c " dlo P u J~""J__ pp R * S "°"" cu lar Fibrillation-therapy 
•Nervous Sya«m- ;P hysropathology PP. Ventrrce ^ 

—MO; Ventricular Fibrillation— physiopathology PP 



7/3 K/12 (Item 12 from file: 155) 

rtSrSli'liSJ^Silc, Corp. Mi rt.. reserv. 

1142 I ^v i or I at.^ 33 Lraropo 1 .o n ary "Susoitation with ^inspiratory 
TT? VoelcLl'V STS^SlI ; "oK;ite r "\in d 3tro B P, 
Peterson C; nenzel V; Lindner K H; Sa-i* »; Cardiac Arthvthmi a 

^"^l^T"^ ^Ztltll" =polis 55455, US*. 

't.eszh.suTndlnalgesia (United States, Sep 200! , 93 ,3, P649-55. 
ISSN 0003-2999 Journal Code: 1310650 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

proving standard cardiopul.onary res-citation with an inspiratory 
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?o P imorove the effioienoy of standard cardiopulmonary resuscitation ( 
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11). Coronary perfusion pressure (CPP) (diastolic aortic minus right atrial 
pressure) was . . . 

orimarv endpoint . Vital organ blood flow was assessed with radiolabeled 
r L arter 6 min of CPR , and defibrillation was attempted 11 nun 



microspheres after 6 min of CPR , ana aeriDrxxxaux^ XXp was 14 +/- 2 

after starting CPR . After 2 min of CPR , mean +/- SEM CPP was 14 +/ 2 
ll la wtrh rhe sham valve versus 20 +/- 2 mm Hg in the ITV group (P < 
Tool) Sxanificantxy higher CPPs were maintained throughout the study when 
;° 6 ™ Sl liter 6 min of CPR , mean + /- SEM left ventrrcular and 



global cerebral" blood flows were "0 . 10 " +"/-" 0703 and . 

of 11 in the ITV group (not significant) . In conclusion, use of an 
Inspiratory xmpedance valve during standard CPR resulted xn a marked 
increase in CPP and vital organ blood flow after 6 mm... 

Descriptors! Cardiopulmonary Resuscitation -instrumentatxon--IS; 'Heart 
Arrest-?herapy--TH; * Respiration , Art if icxal-xnstrumentatxon-IS 
Animals- Mood Gas Analysis; Hemodynamic Processes- P hysiology--PH; 
RegTonai Blood Flow-physiology-PH; Respiratory Mechanics-physiology 
— PH; Swine 



(Item 13 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2004 The Dialog Corp. All rts. reserv. 

11347587 PMID: 11436523 

Mechanical advances in cardiopulmonary resuscitation . 

Lurie K ; Plaisance P; Sukhum P; Soleil C 
Cardiac Arrhythmia Center, Cardiovascular K™?*'**?*^ 
Medicine University of Minnesota Medical School, Box 508, UM-AHC, 420 
' Street SE, Minneapolis, MN 55455, USA lurieO 02@tc. umn.ed u 
Current opinion in critical care (United States) Jun 2001 , 7 
D170-5, ISSN 1070-5295 Journal Code: 9504454 
Document type: Journal Article; Review; Review, Tutorial 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Mechanical advances in cardiopulmonary resuscitation . 
Lurie K ; Plaisance P; Sukhum P; Soleil C 

h?^ 1 mortality rates for patients in cardiac arrest, the American 
Heart oc d European' Resuscitation Council developed a new 

set of ud nes in 2000 to help advance several new and promising 
cardiopulmonary resuscitation ( CPR ) techniques and devices. This is the 
f ; rqt . tim p these organizations have taken such a bold... 

f" S stSrS closed-chest cardiac massage. The new techniques, interposed 
abdominal counterpulsation and active compressxon decompression CPR , each 
provide greater blood flow to the vital organs in animal models of CPR 
and lead to higher blood pressures in patients in cardxac arrest. In some 
clinical studies... 

have resulted in a significant increase in survival after cardiac arrest 
in' comparison with standard CPR . Three of the four new CPR devices that 
were xecom^ended in the new guidelines also provide superior vital organ 
blood flow and increased blood pressures in comparison with standard CPR 
The three devices that improve the efficiency of CPR are the 
circumferential vest, an active compression decompression ^vxce, and 

an inspiratory impedance valve used in combination with the active 
compression decompression CPR device. The fourth device type, one that 



compresses the thorax using an automated mechanical piston compression 
mechanism, was re contended to reduce the number of personnel required to 
perform CPR . However, no studies on the automated mechanical compression 
devices have showed an improvement in hemodynamic variables or survival in 
comparison with standard CPR . Taken together, these new technologies 
represent an important step forward in the evolution of CPR from a pair 
of hands to devices designed to enhance CPR efficiency. Each of these 
advances is described, and the recent literature about each of them. . . 
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The effects of positive end-expiratory pressure during active 
compression decompression cardiopulmonary resuscitation with the 
inspiratory threshold valve . 

Voelckel W G; Lurie K G ; Zielinski T ; McKnite S; Plaisance P; Wenzel 

V; Lindner K H 

Apr 2001 , 4 , • 4. • 

The use of an inspiratory impedance threshold valve (ITV) during active 
compression-decompression (ACD) cardiopulmonary resuscitation ( CPR ) 
improves perfusion pressures, and vital organ blood flow. We evaluated the 
effects of positive end-expiratory pressure ( PEEP ) on gas exchange, 
and coronary perfusion pressure gradients during ACD + ITV CPR in a 
porcine cardiac arrest model. All animals received pure oxygen intermittent 
positive pressure ventilation (IPPV) at a 5:1 compression- 

ventilation ratio during ACD + ITV CPR . After 8 min, pigs were 
randomized to further IPPV alone (n = 8), or IPPV with increasing levels of 
PEEP (n = 8) of 2.5, 5.0, 7.5, and 10 cm H(2)Q... 

pressure decreased in the IPPV group from 150 +/- 30 at baseline after 8 
min of CPR to 110 +/- 25 torr at 24 min, but increased in the PEEP 
group from 115 +/- 15 to 170 +/- 25 torr with increasing levels of PEEP 
(P <0 02 for comparisons within groups). Mean +/- SEM diastolic aortic 
minus diastolic left ventricular pressure gradient was significantly (P < 
0 001) higher after the administration of PEEP (24 +/- 0 vs 17 +/- 1 mm 
Hg with 5 cm H(2)0 of PEEP , and 26 +/- 0 vs 17 +/- 1 mm Hg with 10 cm 
H(2)0 of PEEP ), whereas the diastolic aortic minus right atrial pressure 
gradient (coronary perfusion pressure) was comparable between... 



. . . aortic 

of PEEP when comp 
conclusion, when CPR 
venous return to the chest, increasing 



pressures were significantly (P < 0.05) -higher with 10 cm H(2)0 
ared with IPPV alone (68 +/- 0 vs 59 +/- 2 mm Hg) . In 
was performed with devices designed to improve 
PEEP levels improved oxygenation. 
Moreover, PEEP significantly increased the diastolic aortic minus left 
ventricular gradient and did not affect the decompression phase aortic 
minus right atrial pressure gradient. These data suggest that PEEP 
reduces alveolar collapse during ACD + I TV CPR , thus leading to an 
increase in indirect myocardial compression. IMPLICATIONS: Inspiratory 
impedance ~ during " "active " compression-decompression cardiopulmonary 
resuscitation improves perfusion pressures, and vital organ blood flow 
during cardiac arrest. Increasing levels of positive end-expiratory 
pressure during performance of active compression-decompression 

cardiopulmonary resuscitation with an inspiratory impedance valve 
improves oxygenation, and increases the diastolic aortic-left ventricular 
pressure gradient and systolic arterial blood... 

Descriptors : Cardiopulmonary Resuscitation 
*Decompression— -Instrumentation—IS; ■* Positive - Pressure Respiration 
--instrument at ion-- IS 



--instrumentation--IS; 



resuscitation with an 

University of 
28 (11 Suppl) 



7/3,K/15 (Item 15 from file: 155) 

DIALOG(R) File 155 : MEDLINE (R) 

(c) format only 2004 The Dialog Corp. All rts. reserv. 

11064292 PMID: 11098948 

Improving the efficiency of cardiopulmonary 
inspiratory impedance threshold valve . 

Lurie K ; Zielinski T ; McKnite S; Sukhum P 
Cardiac Arrhythmia Center, Cardiovascular Division, 
Minnesota, Minneapolis, USA. lurie@newcpr.com 

Critical care medicine (UNITED STATES) Nov 2000 , 
pN207-9, ISSN 0090-3493 Journal Code: 0355501 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Improving the efficiency of cardiopulmonary resuscitation with an 
inspiratory impedance threshold valve . 

Lurie K ; Zielinski T ; McKnite S; Sukhum P 
Nov 2000 , 

In an effort to improve the efficiency of cardiopulmonary resuscitation 
( CPR ) , a new inspiratory impedance threshold valve has been developed 
to enhance the return of blood to the thorax during the chest decompression 
phase. This new device enhances negative intrathoracic pressure during 
chest wall recoil or the decompression phase, leading to improved vital 
organ perfusion during both standard CPR and active 

compression-decompression CPR . With active compression-decompression CPR 
, addition of the impedance threshold valve results in sustained 
diastolic pressures of >55 mm Hg in patients in cardiac arrest. The new 
valve shows promise for patients in asystole or shock refractory 
ventricular fibrillation, when enhanced return of... 



...chest is needed to "prime the pump." The potential long-term benefits of 
this new valve remain under study. 
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Use of an inspiratory impedance threshold valve during cardiopulmonary 

resuscitation : a progress report. 

Lurie K ; Voelckel W; Plaisance P; Zielinski T ; McKnite S; Kor D; 
Sugiyama A; Sukhum P 
May 2000 , 

Building upon studies on the mechanism of active 

compression-decompression (ACD) cardiopulmonary resuscitation , a new 
inspiratory impedance threshold valve has been developed to enhance the 
return of blood to the thorax during the decompression phase of CPR . Use 
of this device results in a greater negative intrathoracic pressure 
during chest wall decompression. This leads to improved vital organ 
perfusion during both standard and ACD CPR . Animal and human studies 
suggest that this simple device increases cardiopulmonary circulation by 
harnessing more efficiently the kinetic energy of the outward movement of 
the chest wall during standard CPR or active chest wall decompression. 
When used in conjunction with ACD CPR during clinical evaluation, 
addition of the impedance valve resulted in sustained systolic pressures 
of greater than 100 mmHg and diastolic pressures of greater than 55 mmHg. 
The new valve may be beneficial in patients in asystole or shock 
refractory ventricular fibrillation, when enhanced return... 

...chest is needed to 'prime the pump'. The potential long-term benefits of 
this new valve remain under investigation. 
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Inspiratory impedance during active compress ion -de compress ion 
cardiopulmonary resuscitation : a randomized evaluation in patients in 
cardiac arrest. 

Plaisance P; Lurie K G ; Payen D 
Mar 7 2000 , 

"BACKGROUND: Blood pressure is severely reduced in patients "in cardiac - 
arrest receiving standard cardiopulmonary resuscitation ( CPR ) . Although 
active compression-decompression (ACD) CPR improves acute hemodynamic 
parameters, arterial pressures remain suboptimal with this technique. We 
performed ACD CPR in patients with a new inspiratory threshold valve 
(ITV) to determine whether lowering intrathoracic pressures during the 
"relaxation" phase of ACD CPR would enhance venous blood return and 
overall CPR efficiency. METHODS AND RESULTS: This prospective, 
randomized, blinded trial was performed in prehospital mobile intensive 
care units in Paris, France. Patients in nontraumatic cardiac arrest 
received ACD CPR plus the ITV or ACD CPR alone for 30 minutes during 
advanced cardiac life support. End tidal CO(2) (ETC0(2... 

.13.1+/-0.9, 25.0+/-1.4, and 36.5+/-1.5 with ACD CPR alone versus 
19*1+/-1.0, 43.3+/-1.6, and 56.4+/-1.7 with ACD plus valve (P<0.001 
between groups) . ROSC was observed in 2 of 10 patients with ACD CPR alone 
after 26.5+/-0.7 minutes versus 4 of 11 patients with ACD CPR plus ITV 
after 19.8+/-2.8 minutes (P<0.05 for time from intubation to ROSC). 
Conclusions-Use of an inspiratory resistance valve in patients in cardiac 
arrest receiving ACD CPR increases the efficiency of CPR , leading to 
diastolic arterial pressures of >50 mm Hg . The long-term benefits of this 
new CPR technology are under investigation. 
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Utilization of a model lung system to assess the effects of an 
inspiratory impedance threshold valve on the relationship between active 
decompression and intra-thoracic pressure. 



Sugiyama A; Lurie K G ; Maeda Y; Satoh Y; Imura M; Hashimoto K 
Nov 1999 , 

Use of an inspiratory impedance valve has recently been shown to 
increase the efficacy of standard and active compression-decompression 
cardiopulmonary resuscitation . We evaluated the effects of a prototypic 
impedance valve on the relationship between the active decompression and 
intra-thoracic pressure using a mechanical model lung system. Intermittent 
impedance to inspiratory flow of respiratory gases during the 
decompression phase of active compression-decompression cardiopulmonary 

resuscitation significantly decreased the intra-thoracic pressure, while 
the pressure was almost zero cm H20 during the cardiopulmonary 

resuscitation cycle when the impedance threshold valve was not 
functioning. Thus, this mechanical model will help in evaluating the valve 

as well as in optimizing its function by simulating various forms of lung 
disease . 
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Apparatus and methods for enhancing cardiopulmonary blood flow and 

ventilation 
AUTHOR: Lurie Keith G . . . 
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...ABSTRACT: and devices for increasing cardiopulmonary circulation induced 
by chest compression and decompression when performing cardiopulmonary 
resuscitation are provided. According to one method, a pressure 
responsive inflow valve is coupled to a patient's airway. Chest 
compressions and chest decompressions are performed. During chest 
decompression the inflow valve prevents respiratory gases from 
entering the lungs until a certain negative intrathoracic pressure 
level is exceeded at which time the one inflow valve opens. In this 
way, the inflow valve assists in increasing the magnitude and duration 
of negative intrathoracic pressure during decompression to enhance 
the amount of blood flow into the heart and lungs. Further, the patient 
is supplied with a pressurized respiratory gas through the inflow 
valve when the inflow valve opens to ventilate the patient. 
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ABSTRACT: The invention provides exemplary methods and valves used to 
alter a person's breathing . In one method, an exit valve is 
interfaced with a person's airway. The exit valve is configured such 
that respiratory gases are prevented from exiting the person's lungs 
when the exit valve is closed and are permitted to exit the person's 
lungs when the exit valve is opened. The exit valve is configured to 
open when a valve actuating pressure is met or exceeded. In a further 
step, the valve actuating pressure is varied over time. 
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resuscitation are provided. Cardiopulmonary circulation is increased 
according to the invention by impeding airflow into a patient's lungs to 
enhance the extent and duration of negative intrathoracic pressure 
during decompression of the patient's chest. Enhanced extent and duration 
of negative of intrathoracic pressure thus promotes venous blood flow 
into the heart and lungs from the peripheral venous vasculature... 

...one embodiment, impeding the airflow into the patient's lungs is 

accomplished by placing a ventilation tube in the patient's airway. The 

ventilation tube contains either a flow restrictive orifice disposed 
within or connected in series with a lumen of the ventilation tube, or 
a pressure-responsive valve within a lumen of the tube to impede the 
inflow of air. In a preferred. . . 
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...ABSTRACT: around the patient's mouth and nose, with the mask including a 
one-way expiration valve and an inspiratory threshold valve . -The 
threshold valve is biased to open when a threshold pressure within the 
mask is in the range... 

...3 cm H2 O to about -25 cm H2 0. With this arrangement, the patient 
breathes while the mask is sealed to the face, with the respiratory 
gasses being prevented from entering the patient's lungs during 
inhalation until the patient produces... 

...3 cm H2 O to about -25 cm H2 0. At this point, the inspiratory valve 

opens to allow respiratory gasses into the lungs. 
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...ABSTRACT: severe pulmonary hypertension. This condition can also 
influence the clinical and hemodynamic outcome of mitral valve 
replacement (MVR) . This study has been aimed at assessing whether changes 
in the pulmonary venous... 
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. . .Author (s) : BB; Mauer DK; Schoefmann MF; Teichmann H; Provo TA; Lindner 

KH; Dick WF; Aeppli D; Lurie KG (REPRINT) 
, 2003 

Abstract: Background-Active compression-decompression (ACD) CPR combined 
with an inspiratory impedance threshold device (ITD) improves vital 
organ blood flow during cardiac arrest. This study compared survival 
rates with ACD+ITD CPR versus standard manual CPR (S- CPR ) . 



Methods and Results-A prospective, controlled trial was performed 
in Mainz, Germany, in which a... 



...with out-of-hospital arrest of presumed cardiac pathogenesis were 

sequentially randomized to ACD+ITD CPR or S- CPR by the advanced 
life support team after intubation. Rescuers learned which method of 
CPR to use at the start of each work shift. The primary end point was 
1-hour survival after a witnessed arrest. With ACD+ITD CPR (n=103) , 
return of spontaneous circulation and 1- and 24-hour survival rates 
were 55%, 51%, and 37% versus 37%, 32%, and 22% with S- CPR (n-107) 
(P=0.016, 0.006, and 0.033, respectively). One- and 24-hour survival 
rates in witnessed arrests were 55% and 41% with ACD+ITD CPR" versus 
33% and 23% in control subjects (P=0.011 and 0.019), respectively. One 



...patients with a witnessed arrest in ventricular fibrillation were 68% 
and 58% after ACD+ITD CPR versus 27% and 23% after S- CPR (P=0.002 
and 0.009), respectively. Patients randomized greater than or equal 
tolO minutes after the call for help to the ACD+ITD CPR had a 3 times 
higher 1- hour survival rate than control subjects (P=0.002). Hospital 
discharge rates were 18% after ACD+ITD CPR versus 13% in control 
subjects (P=0.41). In witnessed arrests, overall neurological function 
trended higher with ACD+ITD CPR versus control subjects (P=0.07). 

Conclusions-Compared with S- CPR , ACD+ITD CPR significantly 
improved short-term survival rates for patients with out-of-hospital 
cardiac arrest. Additional studies are needed to evaluate potential 
long-term benefits of ACD+ITD CPR . 
. . . Identifiers— -PORCINE MODEL; VENTRICULAR- FIBRILLATION; LIFE-SUPPORT; 
VALVE; HYPOTHERMIA; GUIDELINES; SURVIVAL 
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Improving standard cardiopulmonary resuscitation with an inspiratory 
impedance threshold valve in a porcine model of cardiac arrest ^ 

Voelckel K.G.; Lurie w. G . ; Zielinski T. ; McKnite S.; Lindstrom P • 
Peterson C; wenzel V.; Lindner K . H . ; Samniah N. ; Benditt... 

To improve the efficiency of standard cardiopulmonary resuscitation ( 
CPR) , we evaluated the potential value of impeding respiratory gas 
exchange selectively during the decompression phase of standard CPR in a 
porcine modelof ventricular fibrillation. After 6 min of untreated cardiac 
arrest anesthetized farm pigs weighing 30 kg were randomized be ed 
with either standard CPR with asham valve (n = 11, or standard CPR 
plus a functional inspiratory impedance threshold valve (ITV(TM)) (n = 
Pressurerwas P ?!: fUSi0n PreSSUre (CPP) diastolic aortic mius right atrial 

...primary endpoint. Vital organ blood flow was assessed with radiolabeled 
microspheres after 6 min of CPR , and defibrillation was attempted 
after starting CPR . After 2 min of CPR , mean +/- SEM CPP was 14 1/2 
7oo1) W1 sLn f' 3 ^ T 1V w VSrSUS 20 +/ - 2 ^ ^ in the ITV group (P < 
the ITv wafused an Af, y f " ^ maintaine * throughout the study when 

trie ITV was used. After 6 mm of CPR , mean +/-SEM left ventricular and 
global cerebral blood flows were 0.10 +/- 0.03 and.. ventricular and 

...of 11 in the ITV group (not significant). In conclusion, use of an 
inspiratory impedance valve during standard CPR resulted in a marked * 

M^nf 6 ln CPP and Vital ° rgan blood flow after 6 min... 
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ronu«eUn??cn nCeS ~" COm P ression - decom P-es S ion cardiopulmonary 

Sukhum P.; Voelckel W.; Lurie K.G. 

...methods and devices have been developed to enhance the efficiency and 
efficacy of standard cardiopulmonary resuscitation ( CPR ) One new 
approach, active compression-decompression (ACD) CPR was developed to 
lower the intrathoracic pressure during the decompression phase of CPR 
t^ACD e 2f nc «S. venous ^lood return to the thorax. Over ?he past deck 
ACD CPR is t£ in? extensively evaluated in animals and humans. 

ACD CPR is the only new approach for improving CPR efficacy with a 
mechanical device that has achieved clinical relevance. More recency an 
inspiratory impedance threshold valve (ITV(TM)) has been developed that 

efftciencvTf h r ,H ed , UCt i°V n intratho "cic pressures, augmenting^ 
efficiency of both standard and ACD CPR . Consequently, ACD CPR and the 
impendance valve were recently recommended by the American Heart 
Association. Clinical trials are underway to determine the 
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pStl!n^rr eS c i !r dGCOmprGSSi0n c ^ d i°Pul*°nary resuscitation 
Plaisance P.; Sukhum P.; Lurie K.G. 

Despite the practice of standard closed-chest standard cardiopulmonary 



resuscitation for more than four decades, survival rates for patients in 
cardiac arrest remain dismally low. In recent years, several new 
cardiopulmonary resuscitation ( CPR ) techniques and devices have been 
developed to improve upon the relative inefficiencies of standard CPR 
One technique, active compression-decompression ( ACD) CPR , is based upon 
the concept that lowering intrathoracic pressure during the CPR 
decompression phase enhances venous return by 'priming the pump' for the 
next compression phase. ACD CPR can significantly improve short- and 
long-term survival rates over standard CPR if performed by well-trained 

_re_scue_ personnel . Building upon ACD CPR , an inspiratory impedance 

threshold valve has more recently been developed that further decreases 
decompression phase intrathoracic pressure. The ITV(TM) and ACD CPR in 
combination provide even greater benefit over standard CPR or ACD CPR 
alone. These devices are becoming more widely accepted and used (C) 2000 
Lippincott Williams and... 
MEDICAL DESCRIPTORS: 
* resuscitation ; ^survival rate 
2000 
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M20: Recent advances in mechanical methods of cardiopulmonary 

resuscitation 
Lurie K.G. 

Several new CPR techniques and devices have been developed and tested 
since the first report of manual closed-chested cardiopulmonary 
resuscitation ( CPR ) nearly four decades ago. These devices and 
techniques include vest CPR , interposed abdominal counterpulation CPR 
active compression-decompression CPR , an impedance threshold valve 
mtra-aortic balloon pump and phased thoracic-abdominal counterpulsation 
Many of these new mechanical advances... 
MEDICAL DESCRIPTORS: 
♦intensive care; * resuscitation 

artificial ventilation ; brain; conference paper; heart; human; priority 
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Evaluation of a phrenic nerve stimulator for the treatment of cardiac 
arrest and shock 
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Degree: Ph.D. 
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"Author: Zielinski, Todd Michael 
Year: 2002 

no - n+ . ••• research w °rk focuses on utilizing methods and devices to improve 
central venous return during cardiopulmonary resuscitation and/or 

use7for C tnis? * ^ ^"^ ^ hem ° rrha g ic shock - The animal model 

...optimal level of -10 to -15 mmHg by use of an impedance 
threshold valve (ITV™ CPRxLLC, Minneapolis, MN) that partially 
occludes the airway during the period of the... ' 

...The application of this method produces a stimulated gasp during the 
decompression phase of cardiopulmonary resuscitation or during the 
expiratory gas exchange phase of the respiratory cycle (during positive 

pressure ventilation ) under hemorrhagic shock conditions. In either 
situation, when the diaphragm is stimulated to contract, intrathoracic... 

...out of the left ventricle to sustain or increase vital organ perfusion 
pressures during cardiopulmonary resuscitation or in patients suffering 
from hemorrhagic shock. enng 
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TEXT * 

Jan 8 1999--ZOLL Medical Corporation (Nasdaq : ZOLL) announced today 
that it has elected Dr. James W. Biondi to its Board of Directors. 

Officer and President since June, 1992. Cardiopulmonary Corp. 
designs, develops and assembles advanced software driven ventilators used 
for the treatment of anesthesia and intensive care patients. Dr. Biondi 
also currently serves... 

. . .Company. " 

ZOLL Medical Corporation designs, manufactures and markets an 
integrated line of proprietary non-invasive resuscitation devices and 
disposable electrodes. Used by health care professionals to provide both 
tvpes of cardiac resuscitation — pacing and def ibrillation—these 
products are essential in the emergency treatment of cardiac arrest victims 
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Language: English Record Type: Abstract 
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ABSTRACT: . , . . , 

The effectiveness of the Ambu CardioPump in resuscitating heart attack 
victims may be difficult to prove. The device is based on the design... 

was used 4 years ago to revive a man who collapsed of heart failure. 
Cardiologist Keith Lurie adapted the design for the Ambu CardioPump. 
Early data indicate that people treated with the... 
19,940523 _ ■ 
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Language: English Record Type: Fulltext Abstract 
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Word Count: 257 

seems that toilet plungers may become a normal fixture in some 
households with heart patients. 

Keith Lurie , M.D., of the University of California at San 
Francisco Medical Center reported a case... 

with a history of heart problems, collapsed at his home. His son, poorly- 
trained in CPR , attempted to restore his father's breathing and pulse 
without success. He then grabbed a toilet plunger and used it to compress 



...new technique: the mother had used the plunger on the man six months 
earlier to resuscitate him. Both times the man survived. 

The son later suggested to physicians that toilet plungers... 
19901210 
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ZOLL and ResQSystems Sign Agreement to Commercialize Revolutionary New 
Device That Improves Cardiopulmonary Resuscitation CPR : . 

WIRE) --Jan. 14, 2003 
ZOLL Medical Corporation (Nasdaq: ZOLL) , a manufacturer of 
non-invasive cardiac resuscitation devices, and ResQSystems Inc. a 
manufacturer of circulatory enhancement products, today announced that the 
companies . . . 

this unique device has shown improved circulation and increased blood 

flow to vital organs during CPR (cardio pulmonary resuscitation ) . 

In connection with the distribution agreement, ZOLL made a 

$1 250 000 equity investment in... the distribution agreement, ZOLL has 

acquired exclusive rights to distribute the ResQPOD for the cardiac 

resuscitation market in the U.S., Canada and Europe. The ResQPOD is CE 

approved for sale... rate for victims of sudden cardiac arrest when used in 

conjunction with active compression/decompression CPR . Specifically, the 

ResQPOD increases blood flow to the heart and brain during CPR , which 

extends the window of ...patient's chance for complete neurological 

recovery. Studies are ongoing to demonstrate effectiveness during 

traditional CPR . . 

"The addition of the ResQPOD to our product line is an important 

step forward in. . . 

ResQSystems is an innovative company with a very solid foundation of 
clinical expertise in cardiac resuscitation . We are very optimistic about 
this partnership's ability to make a significant, impact on cardiac 
resuscitation with the introduction of ...been recognized as the 
technical leader in devices that have revolutionized the field of cardiac 



resuscitation , in both the pre-hospital and hospital markets. ZOLL s 
acceptance of the ResQPOD is an important endorsement of our technology, 
said Keith G. Lurie , M.D., Founder and Chief Executive of ResQSystems. 
"Their commitment and innovation is noteworthy and... in Burlington, MA, 
designs, manufactures and markets an integrated line of proprietary, 
non-invasive cardiac resuscitation devices and disposable electrodes. 
Used by health care professionals to provide both types of cardiac 
resuscitation - pacing and defibrillation - these products are essential 
-in -the emergency treatment of cardiac . arrest victims . . . ZOLL, including the 
use of funds by ResQSystems, the impact of ResQPOD technology on cardiac 
resuscitation , ZOLL's ability to capitalize on existing relationships and 
other statements contained herein regarding matters... 
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Draeger Medical and Cardiopulmonary Corp. Sign Exclusive Agreement for 
Distribution of Ventilator Management System Throughout North America. 

Nov. 7, 2002 ,. 
Draeger Medical, Inc., a leading provider of medical systems and 
services for ventilation , and Cardiopulmonary Corp., a leading developer 
of ventilator management system software, announced that the companies 
•have signed a distribution agreement providing Draeger Medical, Inc. with 
the exclusive right to sell Cardiopulmonary Corp.'s Bernoulli (TM) 
Ventilator Management System in Long Term Acute and Sub Acute Care markets 

throughout North America. 

Christopher. . .Corp. will provide an encompassed solution for our 
customers, combining Draeger Medical's expertise in ventilation with 
Cardiopulmonary Corp.'s extensive knowledge of ventilator management 
systems. Together we can achieve our ambitious goals to grow within the 
Long Term. . . 

...America. We are convinced that we found the best partner for a long, 
rewarding association." 

James W. Biondi , M.D., Chief Executive Officer of 
Cardiopulmonary Corp., stated, "We are pleased to have Draeger Medical, a 
world class leader in critical care ventilation , as our partner for the 
distribution of the Bernoulli (TM) Ventilator Management System in the 
Long Term Acute and Sub Acute Care markets in North America. We look 
forward to a long, successful association in the distribution of our 
advanced respiratory management software and in the establishment of new 
standards of care in ventilation . " 

About Cardiopulmonary Corp. _ 
Cardiopulmonary Corp., located in Milford, Connecticut, is a leading 
developer of medical information technology for applied respiratory care. 
Cardiopulmonary develops, licenses, and markets the Bernoulli (TM) 
Ventilator Management System that provides continuous central station and 
remote wireless surveillance for most critical care and home care 



ventilators . Cardiopulmonary is committed to the advancement of the state 
of the art for applied respiratory care by the introduction of superior 
technology to improve patient outcomes. For more information please... 
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ISSN: 0028-4793 LANGUAGE: English RECORD TYPE: Abstract 

A comparison of standard cardiopulmonary resuscitation and active 

compression-decompression resuscitation for out-of -hospital cardiac 

arrest. 
. . . Lurie, Keith G 

ABSTRACT: People in cardiac arrest who receive active 

compression-decompression cardiopulmonary resuscitation ( CPR ) are more 
likely to survive than those who receive standard CPR . During active 
compression-decompression CPR , a hand-held suction device is used to 
raise the chest in between compressions. This... 

...flow through the heart. Researchers randomly assigned 750 patients in 
cardiac arrest to receive standard CPR or active 
compression-decompression CPR . Those who received active 

compression-decompression CPR were twice as likely to be alive one year 
later and also more likely to... 

DESCRIPTORS: CPR (First aid... 
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. . . Lurie, Keith G. 



ABSTRACT: Vasopressin may be better than epinephrine for resuscitating 
cardiac arrest patients for whom direct-current shock therapy is 



in^ffprtive Of 40 patients who... . 
lne ' ,ni»ls have suggested that intravenous vasopressin as 

comparison. . . 
(Glasgow coma . . . 

...significantly larger proportion of patients treated with -sopressin 
than of those treated with epinephrine were resuscitated successfully 
from out-of-hospital ventricular fibrillation and survived for 24 h. Based 
upon these ... 

nharmacoloaical therapies have been examined. Interest in the possible 
value of vasopressin treatment during cardiopulmonary resuscitation arose 
after the observation that there is a large release of vasopressin 
immediately after a... 

...standard treatment protocols, for advanced cardiac life support 
according to the guidelines of the European Resuscitation Council and the 
American Heart Association . 1 , 2 _ 

Patients enrolled in this study lived in... 

Dhvsician specialising in emergency care, 
"cardiac arrest was defined as the absence of both spontaneous 
respiration ana palpable carotid pulse. Patients with cardiopulmonary 
arrest were included in the study if the... 

60-90 s after drug administration. If the study drug failed to restore 
spontaneous circulation, resuscitation was continued according to the 
standard guidelines . 1 , 2 Patients remaining in cardiac arrest after... 

report 8 A study protocol check, by means of an onset tape recording of 
ail resuscitation -related events, was made by a supplementary member of 
the rescue team. The call-response... 

of the accident. In witnessed cardiac arrests, the time from collapse to 
; t art or cardiopulmonary resuscitation was recorded. Restoration of 
Spontaneous circulation^ defined as the return of a spontaneous palpable 

Ha for an undefined period at any time after administration of the study 
drug? Successful resuscitation was defined as a return of spontaneous 
circulation, and on admission to hospital spontaneous circulation... 

sample size required based. . . 

detect with 80% probability, at a one-sided significance of 005, an 
increase in successful resuscitation rate f rem ?0% wxthst a^rd 
epinephrine treatment to 45%; the calculation indicated that 19 patients... 

remaining cases the medical history remained unclear. 63% of the arrests 
were witnessed, but cardiopulmonary resuscitation was initiated by a 



bystander at the site of the incident in only 23% of... 

2). However, more patients in the vasopressin group than in the 
epinephrine group were successfully resuscitated (to hospital admxssxon) 
and a significantly greater proportion survived for at least 24 h (table... 

...without further advanced cardiac life. support) , there was a return of 
spontaneous circulation and successful resuscitation in two (10.) 
ODinephrine-trcared and seven (35%) vasopressm-trcated patients (p<0001) . 
Immediately after resuscitation and during the further clinical 
treatment, we observed no side-effects (such as sustained splanchnic... 

of those treated with vasopressin than those given epinephrine as the 
initial vasopressor during cardiopulmonary resuscitation and advanced 
cardiac life support survived for 24 h. 

The results of this preliminary study. . . 

results from patients with refractory cardiac arrest in whom vasopressin 
was given when all other resuscitation efforts had failed. 5 In that 
series of case reports, eight patients with m-hospital . . . 

...no neurological deficit. _ 

Our study had some limitations. Since no previous investigation of 
vasopressin for resuscitation of the fibrillating human heart was 
available, we used only one dose of vasopressin in... 

alqorithm. At present, nothing is known about the pharmacokinetics of 
iepeated vasopressin administration during cardiopulmonary resuscitation 
in human beings. Because of the lack of information, epinephrine was 
administered in the vasopressin... 

...This study was supported by a grant from the Laerdal Foundation, Norway. 
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The Ontario trial of active compression-decompression cardiopulmonary 
resuscitation for in-hospital and prehospital cardiac arrest. 

ABSTRACT: Active compression-decompression cardiopulmonary resuscitation 
(ACD CPR ) does not appear to be more effective than regular CPR . During 
ACD CPR , the rescuer uses a suction device that allows the chest to 
expand, or decompress, following each compression. Research has suggested 
that this may improve blood flow and ventilation . Researchers followed 
773 people who developed cardiac arrest in a hospital and 1,011 people . . 

the community and were transported to a hospital. Approximately half of 
both groups received regular CPR and half received ACD CPR . ACD CPR 
did not improve survival rates at one hour or at hospital discharge. This 
was true . . . 

as age, type of arrhythmia that led to cardiac arrest or how soon they 
received CPR . Many of the rescuers found it very difficult to administer 
ACD CPR . 

AUTHOR ABSTRACT: Objective. - To compare the impact of active 
compression-decompression (ACD) cardiopulmonary resuscitation ( CPR ) and 
standard CPR on the outcomes of in-hospital and prehospital victims of 
cardiac arrest. Design. - Randomized controlled... 

..total of 1784 adults who had cardiac arrest. Intervention. - Patients 
received either standard or ACD CPR throughout resuscitation . Main 
Outcome Measures. - Survival for 1 hour and to hospital discharge and the 
modified Mini-Mental State Examination (MMSE) . Results. - All 
characteristics were similar in the standard and ACD CPR groups for the 
773 in-hospital patients and the 1011 prehospital patients. For m-hospital 
patients, there were no significant differences between the standard 
(n=368) and ACD (n=405) CPR groups in survival for 1 hour (35.1 % vs 
34.6%; P=.89), in survival... _c-,^ 
...there were also no significant differences between the^ standard^ (n-blO ) 
and ACD (n=501) CPR groups in survival for 1 hour (16.5% vs 18.2%; 
P=.48), in survival... 



...of clinically important subgroups failed to identify any patients who 
appeared to benefit from ACD CPR . Conclusions. - ACD CPR did not 
improve survival or neurologic outcomes in any group of patients with 
cardiac arrest . 

TEXT: 

IN THE 35 YEARS since the introduction of closed-chest cardiopulmonary 
resuscitation CPR ), (1) there has been much research into advanced 
.cardiac life_ support (ACLS) measures . j2 ) Nevertheless^. . 



...promptly respond to airway management and defibrillation .( 3 ) Recent 
evaluations of pharmacologic therapy for cardiac resuscitation have been 
disappointing. (4) Consequently, there has been renewed interest in the 
development of new techniques for performing basic CPR .(5-7) One 
promising approach, active compression-decompression (ACD) CPR , involves 
a suction device that allows the rescuer to lift up and expand (decompress) 
the... 

...9) The ACD device is commercially available in many countries and is 
frequently employed in resuscitation efforts for cardiac arrest. 

• Recent studies suggest increased myocardial and cerebral blood flow as- 
well as increased ventilation in animal resuscitated with ACD CPR 
compared with standard CPR . (10-18) In human studies, researchers have 
also demonstrated significantly better hemodynamic responses and 
ventilatory profiles during ACD CPR . (19-25) 

The most clinically important measures of benefit for cardiac arrest 
interventions are long. . . 

...neurologic function determined in large, carefully conducted, 
randomized, controlled trials. Published clinical trials of ACD CPR used 
on patients who collapse outside the hospital have produce conflicting 
results. (26, 27) Two small trial of in-hospital patients showed strong 
trends toward improved survival wit ACD CPR but lacked sufficient power 
to detect an important difference between groups . (28 , 29) This study was 
designed to compare the impact of ACD and standard CPR on the survival 
and neurologic outcomes of both in-hospital and prehospital victims of 
cardiac. . . 

...the study if they had cardiac arrest and required chest compressions in 
the course of resuscitation . Included were patients who had cardiac 
arrest while in 1 of 5 tertiary care hospitals... 

...age of 16 years; had a terminal illness; were known to have been without 
basic CPR for more than 15 minutes; had acute trauma or exsanguination; 
had a recent sternotomy; were... 

...in the study during the same hospital admission; or were judged to have 
received inappropriate CPR (eg, respiratory arrest with, detectable 
pulse) . 

Informed consent was not obtained, because of the urgency of the... 

...the American Heart Association for basic cardiac life support and 
ACLS. (2) In-hospital basic CPR was provided by nurses, respiratory 
therapists, orderlies, and physicians, and ACLS was directed by staff 
physicians in emergency departments and by senior medical residents on 
wards. Patients who collapsed outside the hospital received basic CPR 
from citizen bystanders, first-responding firefighters or police officers, 
or ambulance officers; the latter transported... 



.but not endotracheal intubation or intravenous therapy. 

Patients were randomly assigned to receive either standard CPR or 



ACD CPR according to the presence of a control dummy object or an ACD 
CPR de vice (Cardiopump, Ambu International A/S, Copenhagen, Denmark) in 
sealed containers available on cardiac... 

...which depended by chance on the location of each cardiac arrest. 

In-hospital staff (nurses, respiratory therapists, orderlies, and 
physicians) and prehospital staff (ambulance officers, firefighters, and 
police officers) were all fully trained in standard CPR and required 
regular testing. All staff were taught to perform ACD CPR during sessions 
That" included Tectures - , " Videotape s7" and pract ice with" manikins- -Competence- 
was assessed by a. . . 

...and update memos were distributed throughout the study, and research 
nurses monitored the performance of CPR whenever this was feasible. The 
study was preceded by a 1-month run-in period... 

...randomization containers had the ACD device, to provide the staff with 
experience in performing ACD CPR and to test study procedures. 
Outcome Measures 

The primary outcome measure was successful lresuscitation to survival 
for 1 hour, defined as the continuous presence of a spontaneous and 
measurable ... 

...the need for vasopressor or antiarrhythmic agents) for at least 1 hour 
from the time CPR was discontinued; such patients were usually stable 
enough to be admitted to the intensive care... 

...grade 5, brain dead). Other outcomes assessed were the return of any 
detectable pulse during resuscitation , presence of injuries related to 
CPR , and problems with use of the ACD device noted by rescuers. Assessment 
of survival outcomes... 

. . . chi . sup. 2) test for difference in proportions and the following 
assumptions: baseline rate of resuscitation to survival for 1 hour, 30%; 
absolute difference in rate of survival for 1 hour... treat basis, ie, 
according to the randomization group rather than according to the type of 
CPR actually received. An interim analysis of survival with the 
O'Brien-Fleming technique of grouped... 

...the hypothesis that there was no difference between study groups for the 
primary end point, resuscitation to survival for 1 hour. Similarly, 
(chi. sup. 2) analysis was used to test the... 

...Survival outcomes in clinically important a priori subgroups (based on 
initial cardiac rhythm, time to CPR , time from CPR to ACLS, duration of 

CPR , cause of the arrest, and age) were compared using (chi. sup. 2) 
analysis or the . . . 

...included in the model. Adjustment was made for the following variables: 
age, sex, time to CPR , time from CPR to ACLS, duration of CPR , 
witnessed vs unwitnessed arrest, cause, initial rhythm, current or past 
medical diagnoses of respiratory disease or ischemic heart disease, 
hospital, and treatment 
RESULTS 

During the study period, from June... 

...Among the in-hospital patients, 82 were eligible but not randomized (33 
Of whom were resuscitated ) , and among the prehospital patients 238 were 
eligible but not randomized (31 of whom were resuscitated ) . The urgency 
of cardiac arrest resuscitation combined with the need to have the ACD 
device readily available on each cardiac arrest... 



. ..n=39, n=7), acute trauma (n=14, n=31), more than 15 minutes without CPR 
n=0, n=31), initially treated in nonstudy ambulance (n=0, n=21), 
prehospital patient randomized in hospital n=0, n=14), inappropriate CPR 
(n=13, n=0), sternotomy (n=7, n=0), terminal illness (n=4, n=6... 
...4), and arrest in the recovery room n=2, n=0) . For standard vs ACD CPR 
, respectively, the percentages of these ineligible patients who were 
resuscitated were 69% (53/77) vs 48% (26/54) in hospital and 5% (3/62) vs 



...hospital and prehospital patients, demographic and medical 
characteristics were similar in the standard and ACD CPR groups (Table 
1). Overall, the in-hospital patients differed from the prehospital 
patients with regard to sex, witnessed arrest, initial rhythm of pulseless 
electrical activity or asystole, respiratory cause, and most current 
diagnoses, as well as most time intervals and the frequency of 
administration of most resuscitation drugs. 

For both in-hospital and prehospital patients, there was no difference 
between the standard and ACD CPR groups in the proportions resuscitated 
to survival for 1 hour or survival to hospital discharge (Table 2) . For 
both the ... 

...the analysis. After multivariate adjustment, the odds ratios and 95% 
confidence intervals in the ACD CPR group (compared with the standard 
CPR group) were, among in-hospital patients, 1.01 (0.72-1.41) for survival 
for . . . 

. . .both in-hospital and prehospital patients, there was no difference 
between the standard and ACD CPR groups in the neurologic status of the 
survivors as reflected by MMSE scores or cerebral performance categories 

(Table 3) . There were no differences between the standard and ACD CPR 
groups in the percentage who had any return of pulse among in-hospital 
patients (52 . . . 

...visceral injuries documented by radiography or autopsy was not different 
between the standard and ACD CPR groups: 4% for both groups among 
in-hospital patients and 3% vs 2% among prehospital patients. Both 
in-hospital and prehospital CPR providers rated ACD CPR as difficult or 
very difficult to perform in 18% of cases and noted problems with. . . 

...Difficulty in achieving adequate decompression was recorded for 59 (15%) 
of 405 in-hospital ACD CPR patients and for 86 (17%) of 501 prehospital 
ACD CPR patients. 

In no clinically important a priori subgroup among either in-hospital 
or prehospital patients... 

...for 1 hour or until hospital discharge better in the group randomized to 
receive ACD CPR (Table 4). A post hoe subgroup was created by excluding 
patients from the ACD CPR group who were rated by the providers to have 
had inadequate decompression. This analysis also revealed that there were 
no significant differences between the standard and ACD CPR groups either 
among in-hospital patients for survival for 1 hour (35% vs 37%; P. . . 

...hospital discharge (4% vs 5%; P=.39). Finally, when assessed according 
to the type of CPR actually used rather than on an intention-to-treat 
basis, there were no significant differences... 

...survival outcome among in-hospital or prehospital patients. 
COMMENT 

We found no improvements with ACD CPR in immediate or longer-term 
survival for patients with cardiac arrest who were treated either... 



...outcome scales was no better in survivors of cardiac arrest who were 
treated by ACD CPR than in those treated by standard CPR . Further 
analysis of the data did not reveal any important subgroup of patients who 
appeared to benefit from ACD CPR , regardless of whether they were 
initially treated in or outside the hospital. Similarly, ACD CPR was 
shown to have no effect on survival after we controlled for possible 
confounding factors by multivariate analysis. 

A substantial body of research supports the hypothesis that ACD CPR 
~s houTd '" be" a ssoc i~a ted" "with "imp "r 6 ved ~ sur vi va 1 "In" "ah lftfa l - mode Is", "AC D CPR 
has been shown to produce much better cardiovascular hemodynamic responses 
than standard CPR , including increased cerebral perfusion pressure, 
increased velocity time integral (an analogue of cardiac output), increased 

...11,17) Furthermore, several investigators have demonstrated improved 
myocardial and cerebral blood flow with ACD CPR , while others have shown 
improved minute ventilation . (11,12,14-16,18) These researchers have 
speculated that the effectiveness of ACD CPR can be attributed to the 
"thoracic pump" theory of blood flow, whereby there is a generalized 
pressure increase in intrathoracic vessels during CPR compressions. 
(36,37) The negative intrathoracic Pressure associated with the 
decompression phase of ACD CPR may lead to greater venous return and more 
efficient ventricular filling, thus increasing stroke volume... 

...humans, physiologic data from victims of cardiac arrest also indicate 
impressive hemodynamic improvements with ACD CPR compared with standard 
CPR . It appears that ACD CPR leads to increased aortic systolic blood 
pressure, increased end-tidal carbon dioxide levels, and increased coronary 
perfusion pressure .( 19, 2 1 , 23, 25 ) Several investigators have shown that ACD 
CPR is associated with increased diastolic filling times, increased 
velocity time integral of transmitral flow, and. . . 

. . .published clinical trials have shown strong trends toward better 
survival and neurologic outcomes with ACD CPR both in and outside the 
hospital. None of these studies had sufficient numbers of patients... 

...St Paul, Minn, Lurie and colleagues ( 26 ) found strong trends toward 
better survival with ACD CPR and statistically better outcomes in those 
treated within 10 minutes. Schwab and associates ( 27 ) failed to find any 
improvement with ACD CPR in either Fresno, Calif (N=253) , or San 
Francisco, Calif (N=607). Two smaller trials... 

...as well as strong trends toward better survival to discharge in patients 
treated with ACD CPR . 

Why did use of ACD CPR in our study fail to improve patient survival 
despite expectations that had been raised by. . . 

...humans, particularly those with coronary artery disease.' Kern and 
associates ( 4 8 ) have demonstrated that during CPR , myocardial blood flow 
below coronary lesions is substantially reduced and does not correlate well 
with. . . 

...long-term survival. Interestingly, none of the animal studies that 
demonstrated hemodynamic responsiveness with ACD CPR assessed the impact 
on survival. One other investigator was unable to find even hemodynamic 
benefits with ACD CPR in an animal model. (50) 

Could features of our study design have led to a failure to identify 
potential benefits of ACD CPR The randomization of patients with cardiac 
arrest can be challenging when the clinical situation is... might have led 
to a finding of clinically, important improvement in outcomes for the ACD 



CPR group, we believe this is unlikely. For both patient populations, the 
95% confidence intervals of. . . 

...rates suggest a maximum possible improvement of 3.5% in survival to 
discharge with ACD CPR . A systematic overview incorporating our results 
and those of the previous studies did not demonstrate an overall benefit 
for survival with ACD CPR either in or outside the hospital Figure) . In 
addition, the data from our study did not indicate trends favoring ACD CPR 

in any clinically significant subgroup or better outcomes for ACD CPR 
after multivariate adjustment. 

An important consideration not seen in drug trials is whether the 
intervention. . . 

...case a device, was properly implemented throughout the study. For a 
technique such as ACD CPR to be. effective in everyday clinical practice, 
it must be readily learned and properly performed... 

...train more than 1000 rescuers, including hospital staff, ambulance • 
workers, and firefighters, to perform ACD CPR in many different 
situations. We are confident that our rigorous training, testing, 
retraining, and monitoring. . . 

...are aware that an important proportion of rescuers noted fatigue and 
discomfort when performing ACD CPR and that this technique requires more 
work than standard CPR . (51) Of greater concern is that the ACD device did 
not adhere to the chest... 

. . .hoe subgroup analysis excluding patients with inadequate decompression 
also failed to demonstrate benefit from ACD CPR . Some in-hospital 
patients randomized to undergo ACD CPR did not actually undergo this 
technique because of very brief resuscitations . Again, however, on 
analysis according to the treatment actually performed, no improvement in 
survival was found with ACD CPR . 

Our study did not address the use of ACD CPR in 2 important groups 
of patients with cardiac arrest, those under the age 16 years... 

...of ambulance services in Ontario, our prehospital patients had 
relatively long intervals from collapse to CPR , from CPR to ACD CPR , 
and from CPR to ACLS . Our study did, however address the use of ACD CPR 
in many different clinical scenarios, including in-hospital patients, who 
tended to have more prearrest morbidity but were resuscitated very 
rapidly, as well as prehospital patients, who had fewer documented medical 
problems. This study was, to our knowledge, the largest clinical of CPR 
yet conducted. We believe, therefore, that the diversity of our patient 
population, our large sample... 

...arrest, regardless of the setting. Our study did not demonstrate a 
beneficial effect of ACD CPR on the survival or neurologic outcome of 
patients with cardiac arrest. We were unable to identify any subgroup of 
patients or any circumstance in which ACD CPR was associated with a 
better outcome. 

This study was supported by grant 07992N from the... 

...and My-Linh Tran, the data management team; to Silvia Visentin for 
manuscript assistance; to Keith Lurie , MD, for review of the 
manuscript; and to the hundreds of respiratory therapists, orderlies, 
nurses, physicians, ambulance officers, firefighters, and police officers 
in Ottawa-Carleton and London... 
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American Heart Association. Guidelines for cardiopulmonary resuscitation 
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she said. 

One of the leaders of those who initially drew attention to the issue, 
Keith Lurie , MD, associate professor of medicine, University of 
Minnesota, Minneapolis, said the proposal fell far short... 

...comments were in favor of the proposal. Biros is chair of the Coalition 
of Acute Resuscitation and Critical Care Researchers, which supports a 
waiver for this type of research. 
The FDA. . . 
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... dismutase ( PEG-SOD) in severe closed head injury; the use of active 

compression-decompression cardiopulmonary resuscitation (ACD- CPR ) with 
a suction device in cardiac arrest; the use of hypothermia in acute head 
injury; and a study of immediate vs delayed fluid resuscitation in 
hypotensive patients with penetrating body injury. 

"These studies are all based on sound science... 

...Medical Center, Charlotte, NC . Short-term survival is improved in some 
patients treated with ACD- CPR ; survival is also improved in patients in 
hemorrhagic shock where additional fluids were not given. . . 



...s a question of justice," he declared. 

The issue was put even more bluntly by Keith Lurie , MD, of the 
University of Minnesota Medical School, Minneapolis. Lurie is the principal 
investigator of the study on the cardiopulmonary resuscitation device, 
another of the studies summarized at the meeting (JAMA. 
1994;271:1405-1411) . "The. . . 

. . .We have been compromising the health of all Americans by not permitting 
research on cardiac resuscitation to proceed in a scientifically sound 
f as : hi on. ~~I f ~~you "ha ve~~a ca rd i"a c a fire s t ~a f t e r "lea v I rig". T 7~t h em" o f " the"" most" " 
advanced care. We have come to a grinding halt on cardiac resuscitation 
research. The regulations must be changed. We need action and we need it 
quickly . " 

In... 
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Compression-decompression CPR : the Biomotor. (cardiopulmonary 

resuscitation ) (includes reply) (Letter to the Editor) 
. . . Lurie, Keith G. 

TEXT : 

. . .premature termination by the Food and Drug Administration (FDA) of 
trials of compression-decompression cardiopulmonary resuscitation ( CPR 
), because of lack of informed consent. 

The addition of a suction phase to conventional CPR is a trivial, 
innocuous detail that should not require consent. The developers of the 
Ambu. . . 

...might be minor ecchymoses. 

In any case, the use of alternate pressure and suction for CPR is 
described in the August 5, 1939, Wiener Medizinische Wochenschrif t by Dr 
Rudolph Eisenmenger, Facharzt fur physikalische . Therapie, Vienna, Austria. . 

His device, which he called a Biomotor, was a cuirass ventilator 
that applied alternate positive and negative air pressure to the torso, 
and was used extensively throughout Europe for mine rescue and other 
victims ... 

...He compared his device with "the American Iron Lung" stating that both 
were equally good ventilators but that only the Biomotor could circulate 
blood during cardiac arrest, and his illustration showed. . . 

...the pressure phase. This is probably the earliest description of the 
"thoracic pump" theory of CPR and merits a trial for any 
low-cardiac-output syndrome where counterpulsation might help, since 
compression of the extremities during cardiac diastole is equivalent to 



negative pressure over the torso. 

I hope that the FDA will realize that the minimal vacuum of... 

...can do no more harm than traditional vacuum cupping. The evaluation of 
active compression-decompression CPR in victims of out-of-hospital 
cardiac arrest must be continued. 
Sam I. Lerman, MD 

Southfield, Mich [1.] Olson CM. The letter or the spirit: consent for 
research in CPR . JAMA. 1994;271: 1445-1447. [2.] Lurie KG, Shultz JJ, 
Ca lTaharrT ML", "e^alT 'EvaTuat ion - of ~act"ive " cb^ CPR" in" 

victims of out-of-hospital cardiac arrest. JAMA. 1994/271: 1405-1411. 
In Reply. . . 

...the Biomotor, an early device that alternately applied pressure and 
suction to the torso to ventilate the lungs and circulate blood. 

How the FDA handles the particular case of active 
compression-decompression CPR is really a secondary issue. More important 
is the general need for researchers, regulators, ethicists, and the 
concerned public to develop workable mechanisms by which resuscitation 
research can proceed while patients' rights and safety are protected. 

Carin M. Olson, MD 

Contributing . . . 

. . . Dr Lerman is correct that studies evaluating the addition of a suction 
phase to conventional CPR should not require consent as the patients are 
pulseless, without a palpable blood pressure, and... 
...that approach during our recent clinical trials to determine the 
efficacy of active compression-decompression CPR but were told (and 
continue to be told) by FDA officials that the handheld suction. . . 

...the living and the nearly dead. 

Lerman is also correct that active chest decompression during CPR 
improves vital organ blood flow. [1] However, he is incorrect about his 
description of the... 

...a controlled fashion. Unlike many previous devices designed to improve 
the dismal results with standard CPR , the Ambu device is lightweight, and 
its use does not take any more time to initiate than standard CPR . The 
time element is critical. No device, including the Ambu device, will work 
unless CPR is initiated very soon after cardiac arrest and unless it is 
effectively incorporated into an. . . 

...Lerman. Unfortunately, the regulators at the FDA do not appear to know 
the history of CPR or the reality of modern CPR . Until these kinds of 
devices and drugs are allowed to shed their "significant risk" status... 

...Thus, in the United States, these patients remain victims of both 
cardiac and regulatory arrest. 
Keith G. Lurie , MD 

University of Minnesota 

Minneapolis 

[1.] Shultz JJ, Coffeen P, Sweeney M. Evaluation of standard and 
active compression-decompression CPR in an acute human model of 
ventricular fibrillation. Circulation. 1994;89:684-693. [2.] Hans H. Device 
for promoting respiration , US patent number 2 067 268. Filing date March 
1934, in Wiesbaden, Germany. [3.] Luile KE . Active 

compression-decompression CPR : a progress report. ResuscitationO . In 
press . 
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Active compression-decompression CPR . (includes reply) (Letter to the 

Editor) 
. . . Lurie, Keith G. 

TEXT: 

To the Editor. — Dr Lurie and colleagues [ 1 ] conclude that active 
compression-decompression (ACD) cardiopulmonary resuscitation ( CPR ) 
appears to be more effective than standard CPR in certain subsets under 
study. This statistical inference is dependent on matching baseline 
characteristics as... 

infarction in an otherwise healthy person is the most likely 
condition to have a successful CPR outcome. On the other hand, if the 
pathway to arrest is pulmonary embolus, massive cerebral... 

...to obtain with data concerning patients who arrest in hospital. [2] 

In comparing forms of CPR , we must not forget that a major 
determining factor in their success following an arrest... 

...the patient since this governs the relative probability that death can 
be reversed by the CPR procedures . 

Alexander Mazziotti, MD, Phd Hawthorne, NJ [1.] Lurie KG, Shultz J J, 
Callaham ML, et al . Evaluation of active compressiondecompression CPR in 
victims of out-of -hospital cardiac arrest. JAMA. 1993/271: 1405-1411. [2.] 
Cohen TJ, Goldner BG, Mac card PC, et al. A comparison of active 
compressiondecompression cardiopulmonary resuscitation with standard 
cardiopulmonary resuscitation for cardiac arrest occurring in the 
hospital. N Engl J Med. 1993;329: 1918-1921... 

...challenges in designing and executing a study to determine the 
effectiveness of different methods of CPR . When comparing two treatment 
groups, it is essential that both methods of CPR are performed correctly, 
in similar patient populations, and that the study design enables adequate 
data . . . 

...variables associated with the research, as described by the Utstein 
conference on uniform standards for CPR research. [1] 

In our evaluation of the effectiveness of ACD CPR in patients with 
out-of-hospital cardiac arrest, our study was designed to maximize the... 

...out the importance of similar clinical characteristics between groups. 
In our study, both the standard CPR group and the ACD CPR group had 
very similar baseline characteristics in terms of age, sex, prior cardiac 
history, presenting rhythm, 911 call-response interval, and use of 



bystander CPR and epinephrine. Given the space limitations, we did not 
present a detailed report of the... 

excluded from this study. Approximately 60% of the 130 patients enrolled 
in the study had CPR initiated within less than 10 minutes after collapse 
(downtime <10 minutes). The detailed clinical characteristics... 

than 10 minutes and less than 4 minutes. We observed a significant 
increase in immediate resuscitation in both subgroups. These results are _ 
similar to recent studies comparing ACD CPR with standard CPR m 
patients with in-hospital cardiac arrests . [2 , 3] Regardless of whether these 
kinds of . . . 

...were critical and relevant. 

Although I agree with Mazziotti that one major determinant for 
successful resuscitation is the overall clinical status, probably the 
most important variables in a large clinical study... 

...groups are those associated with the test site itself Choosing a test 
site in which CPR is delivered in an expeditious, efficient, and 
carefully controlled manner by qualified and well-trained. . . 

...a well-managed emergency medical services system is crucial when 
evaluating any new method of CPR . f 

Keith G . Lurie , MD University of Minnesota Minneapolis [l.J 
Cummins RO, Chamberlain DA, Abraynson NS, et al . Recommended... 

...2.] Cohen TJ, Goldner BG, Maccaro PC, et al . A comparison of active 
compressiondecompression cardiopulmonary resuscitation with standard 
cardiopulmonary resuscitation for cardiac arrests occurring m the 
hospital. N Engl J Med. 1993;329: 1918-1921... 

..Tucker KJ, Galli F, Savitt MA, Kahui D, Bresnahan L, Redberg RF. Active 
compression-decompression resuscitation : effects on resuscitation 
success after inhospital arrest. J Am Coll Cardiol. 1994;24:201-20 9. 

DESCRIPTORS: CPR (First aid. 
19941102 



6/3,K/13 (Item 10 from file: 148) 

DIALOG (R) File 148:Gale Group Trade & Industry DB 
(c)2004 The Gale Group. All rts. reserv. 

07281080 SUPPLIER NUMBER : 15469653 (USE FORMAT 7 OR 9 FOR FULL TEXT) 

Evaluation of active compression-decompression CPR in victims of 
out-of -hospital cardiac arrest, (cardiopulmonary resuscitation ) 
Lurie, Keith G. ; Shultz, Jeffrey J.; Callaham, Michael L.; Schwab, 
Theresa M. ; Gisch, Terry; Rector, Thomas; Frascone, Ralph J.; Long, Linda 
JAMA, The Journal of the American Medical Association, v271, nl8, pl405(7) 
Mav 11 1994 

ISSN: 0098-7484 LANGUAGE: ENGLISH RECORD TYPE: FULLTEXT; ABSTRACT 

WORD COUNT: 5512 LINE COUNT: 004 28 

Evaluation of active compression-decompression CPR in victims of 
out-of -hospital cardiac arrest, (cardiopulmonary resuscitation ) 
Lurie, Keith G . . . 



ABSTRACT: Active compression-decompression (ACD) cardiopulmonary 
resuscitation ( CPR ) appears to be more effective than standard CPR in 



some cases of cardiac arrest that occurs outside of a hospital. ACD CPR 
involves the use of a hand held suction device which is applied to the 
surface . . . 

...return of spontaneous circulation and neurological function of 77 
cardiac arrest patients who received standard CPR and 53 cardiac arrest 
patients who received ACD CPR were compared. Those who received ACD CPR 
had a 59% chance of surviving until admittance to an intensive care unit 
when the . . . 



...response time was less than 10 minutes. The corresponding figure for 
those who received standard CPR was 33%. Thirty-one percent of ACD CPR 
patients returned to normal neurological function. Twenty percent of those 
receiving standard CPR returned to normal neurological function. However, 
the number of patients studied was too small to... 

...be drawn from this result. Thirty-eight percent .of the 32 patients who 
received ACD CPR within 10 minutes of cardiac arrest survived until 
hospital discharge compared with 20% of the 49 patients who received 
standard CPR . 

AUTHOR ABSTRACT: Objective. — Active compression-decompression (ACD) 
cardiopulmonary resuscitation ( CPR ) appears to improve ventilation 
and coronary perfusion when compared with standard CPR . The objective was 
to evaluate potential benefits of this new CPR technique in patients with 
out-of-hospital cardiac arrest in St Paul, Minn. Design . --Ten . 

...000. Patients. — All nonnothermic victims of nontraumatic cardiac arrest 
older than 8 years who received CPR . Main Outcome Measures. — Return of 
spontaneous circulation, admission to the intensive care unit (ICU), return 

...discharge with return of baseline neurological function, and 
complications. Results. — Seventy-seven patients received standard CPR and 
53 patients received ACD CPR . The mean emergency medical services call 
response interval was less than 3.5 minutes. When all patients were 
considered, a higher percentage of ACD CPR patients had a return of 
spontaneous circulation and were admitted to the ICU vs standard CPR 

(45%vs31%, and 40%vs 26%, respectively), but these trends were not 
statistically significant (P... 

...significant differences were found between hospital discharge rates (1 2 
[23%] of 53 for ACD CPR vs 13 [17%] of 77 for standard CPR ), return to 
baseline neurological function (10 [19%] of 53 for ACD CPR vs 13 [17%] of 
77 for standard CPR ) , or return to baseline neurological function at 
hospital discharge (nine [17%] of 53 for ACD CPR vs 12 [16%] of 77 for 
standard CPR ) . Return of spontaneous circulation, ICU admission, and 
neurological recovery in both CPR groups were highly correlated with 
downtime (time from collapse to emergency medical system personnel arrival 

...less than 10 minutes' downtime, survival to the ICU was 59% (19/32) with 
ACD CPR and 33% (16/49) with standard CPR (P<.02), return to baseline 
neurological function was 31% (10/32) with ACD CPR and 20% (10/49) with 
standard CPR (P=.27), and hospital discharge rate was 38% (12/32) with 
ACD CPR and 20% (10/49) with standard CPR (P=.17). Complication rates 
in patients admitted to the hospital were similar in both groups. 
Conclusions . --This study demonstrates that ACD CPR appears to be more 
effective than standard CPR in a well-defined subset of victims of 
out-of-hospital cardiac arrest during the critical early phases of 
resuscitation . Based on this study, a larger study should be performed to 



evaluate the potential long-term benefits of ACD CPR . (JAMA. 

1994;271:1405-1411) 

TEXT: 

DESPITE the widespread application of standard cardiopulmonary 
resuscitation ( CPR ) , the overwhelming majority of victims of 
out-of-hospital cardiac arrest the within hours. The... 

.dismal. [1, 2] After describing the report of a patient in cardiac arrest 

_who-was_ ..resuscitated __by f amil y members using_ a standa rd household 

plunger, we recently developed a new method of CPR termed active 
compression-decompression (ACD) CPR .[3,4] Subsequent studies in animals 
and humans using a handheld suction device applied to the chest during CPR 

indicated that ACD CPR , when compared with standard CPR , improves 
multiple hemodynamic and respiratory parameters during ventricular 
fibrillation, asystole, and electromechanical dissociation. Building on 
these observations, we conducted this study to provide estimates of the 
potential risks and benefits of ACD CPR vs. standard CPR in victims of 
out-of-hospital cardiac arrest. 
METHODS 

CPR Device and Training 
All ACD CPR was performed with a lightweight 1.4-lb (0.6-kg) device 
(Ambu CardioPump, Ambu. . . 

Figure) . The gauge is designed to ensure depth of compression equivalent 
to'that with standard CPR (3.8 to 5.1 cm [1.5 to 2 in]). It is marked 
with. . . 

...the study, including children older than 8 years, received chest 
compressions with both methods of CPR . 

The study was conducted in conjunction with the St Paul (Minn) Fire 
Department. The fire... 

.. .fire department emergency medical services (EMS) personnel were required 
to have special training on ACD CPR by St Paul-Ramsey EMS prior to 
beginning the study. During these sessions, standard CPR techniques were 
reviewed and ACD CPR was demonstrated. The first session included an 
instructional video, a didactic talk about the study. . . 

...lifting up" during active decompression, which has a fundamentally 
different feel when compared with standard CPR , and the importance of 
patient randomization. During these training sessions, all EMS personnel 
were required to demonstrate ACD CPR competency on a mannequin in a 
simulated cardiac arrest prior to using the ACD device on patients. A 
second training session reemphasizing standard and ACD CPR technique was 
given prior to the scheduled crossover of EMS teams from one type of CPR 
to the other. 

Study Site and Subjects 

The study was approved by the Institutional Review... 

...use the ACD device and those on the west side were assigned to use 
standard CPR . After approximately every 40 patients or 75 days, there was 
a crossover between the east and west sides of St Paul, and the alternate 
method of CPR was used. During the course of the study, standard CPR 
was used for a total of 5 months by EMS personnel from the east and west 
sides of the city, and ACD CPR was also used by the same EMS personnel, 
at different times, for a total of 5 months. Performance of either standard 

CPR or ACD CPR was determined by whether the first rescue vehicle to 
the scene was based on the east side or west side. Once it had been 
determined which method of CPR should be performed, the appropriate 
method was initiated and used throughout the arrest. 



The decision to initiate CPR on a victim was a clinical decision 
made according to previously established St Paul -Rams e y. . . 



...downtime, body tone and temperature, presence of a known terminal 
illness or a do-not- resuscitate order, and the initial rhythm on the 
defibrillator monitor. When ACD CPR was used, it was continued as needed 
during patient transport and in the emergency department. The decision to 
stop CPR or to admit the patient to the intensive care unit (ICU) was 

made by emergency department . physician s_b.as_e_d _on^ethe_r_ or not_victims 

could be resuscitated and sufficiently stabilized to be transported to 
the ICU. In an effort to eliminate outcome... 

...the results until after the study. Furthermore, the investigators did 
not discuss which method of CPR was used with medical personnel caring 
for the patients once they were admitted to the ... arrest , treatment in the 
field, nature of arrest, whether it was witnessed, use of bystander CPR , 
ROSC,' baseline neurological function (as determined by being alert and 
oriented to person, place, and time), complications from CPR , and ACD 
CPR device function. The presenting rhythm, evaluated after a "quick look" 
with defibrillator patches, was obtained before initiating CPR in about 
half of the cases and after several minutes of CPR in the rest. Both BLS 
and ALS EMS personnel were dispatched immediately after a 911 call. 
Whichever service arrived first initiated the appropriate method of CPR . 
All ALS response units (n=9) have defibrillation capabilities. Only two of 
18 BLS units ... 

...prospective study, we also performed a retrospective analysis to 
determine the success rate of standard CPR during the same 10-month 
period in the year prior to this current study. Records,.. 
...the 911 responses by the fire rescue personnel were reviewed. In those 
cases where standard CPR was performed, data collected were related to 
ROSC, survival to the ICU, and whether they. . . 

...patient inclusion criteria as in the prospective study. 

Because of the emergent setting during which CPR was performed, 
consent requests were not made to families of patients receiving ACD CPR . 
However, no family member or bystander objected to the use of the ACD CPR 
device in any patient during the study. During the first 5 months of the 
study. . . 

...were not blinded to results in order to monitor any potential ' negative 
effects of ACD CPR on a day-to-day basis. Following completion of the 
first full crossover and review of the preliminary data (which demonstrated 
no significant adverse effects from ACD CPR ), all investigators were 
blinded to the results until the completion of the study, with the... 

...that the US Food and Drug Administration (FDA) wanted all clinical 
trials using the ACD CPR device terminated. Given the lack of adverse 
outcomes at that time, we were granted permission... 

...subjects who had the greatest likelihood of recovery and to compare the 
two methods of CPR . Fisher's Exact Test was used for all analyses when 
expected values were less than. . . 

. . .Simon. [10] The 95% CI was calculated as the difference in outcome 
proportions between ACD CPR and standard CPR . Prior to beginning the 
study, we decided that patients who received both methods of CPR by fire 
rescue personnel, despite random assignment to one specific method, would 
not be included. . . 



...data analysis. In addition, we predetermined that patients who were 
treated with one method of CPR , despite random assignment to the other 
method of CPR , would be analyzed by the method of treatment received. 
The planned enrollment in this study. . . 

...RESULTS 

Of the 130 out-of-hospital arrests during the study period, 77 
received standard CPR and 53 received ACD CPR . Standard CPR was used 

.3.6 -times. _{_4_7_%.)-_ by first EMS rescuers on the east side of St Paul and 41 

times (53%) on the west side: ACD CPR was used 29 times (55%) on the east 
side and 24 times (45%) on the west side of St Paul. Three patients 
received both methods of CPR and none survived to be admitted to the ICU. 
Eight patients received standard CPR despite random assignment to ACD 
CPR . Four of these eight had witnessed arrests with downtimes of zero 
minutes, and two others... 

...5 and 6 minutes. The remaining two victims who did not receive the 
method of CPR to which they were assigned had unwitnessed arrests and 
estimated downtimes of 10 to 20... 

...the ICU (one after an ROSC), and one received less than 15 seconds of 
standard CPR , was def ibrillated,' and had a full recovery. 
The treatment groups were similar with respect to... 

...two groups were also similar with regard to number of witnessed arrests, 
performance of bystander CPR , response intervals, presenting rhythm 
documented by the first responders, the dosage and ...first defibrillation 
in patients presenting with ventricular fibrillation, the number of 
defibrillation attempts, and total CPR duration (Table 1) . The downtime 
between CPR groups was relatively short, but averaged nearly 2 minutes 
longer in the ACD CPR group compared with the standard CPR group P<.05) 

(Table. 1) . The proportion of victims with downtimes less than 10 minutes 
was similar between CPR groups (61% for ACD CPR vs 63% for standard 
CPR ) . At least 1 mg of epinephrine was administered to 77% of the ACD 
group and. 

...than 1 mg was also similar in both groups. In addition, the total 
duration of CPR was similar between both groups. 
[TABULAR DATA 1 OMITTED] 

Comparison of CPR efficacy between the two methods of CPR was 
made using several different endpoints. Results related to ROSC, ICU 
admission rates, return to. .'. 

...hospital while alert and oriented are shown in Table 2. When all 
patients who received CPR by the fire rescue personnel were compared, 
regardless of whether arrests were witnessed, there was a trend toward 
improvement in the rates of ROSC and ICU admission with ACD CPR compared 
with standard CPR . Overall, 40% of the patients in the ACD CPR group 
were admitted to the ICU vs 26% in the standard CPR group (P<.10). 
Details related to the outcome of each patient who was admitted to... 

...ICU admission, return to baseline neurological function, and hospital 
discharge, regardless of the method of CPR , we examined the relationship 
of these endpoints and different clinical variables using data from both... 

...ROSC and were admitted to the ICU with downtimes less than 4 minutes 
after ACD CPR (73%) compared with standard CPR (33%) (P<.05). In 
patients with downtimes between 4 and 9 -minutes, ACD CPR appeared to be 
more effective, but the differences between the two methods of CPR were 
less pronounced. Six patients with unknown downtimes were admitted to the 
ICU, and three of these six patients, all in the standard CPR group, had 



a full recovery. 

[TABULAR DATA 5 OMITTED] 

Similar potential benefits of ACD CPR were observed when analysis 
was limited to victims of witnessed arrests (Table 5) . In witnessed 
arrests, 50% of the patients in the ACD CPR group were admitted to the 
ICU vs 31% in the standard CPR group (P<.10). A significant improvement 
in the rates of ROSC and ICU admission differences... 

...witnessed arrests with less than 10 minutes of downtime, 59% of patients 
in the ACD CPR~ _ <^6up~vs" 3 3% — of - patients" in - the ~s t anda rd CPR group "were" 
admitted to the ICU (P<.02; 95% CI, 4% to 48%). Based on... 

...patients in the ACD group and 20% of the the 49 patients in the standard 
CPR group were discharged from the hospital (P=. 17; 95% CI, -2% to 38%). 
The number . . . 

...of patients who remained comatose after ICU admission was similar 
regardless of the method of CPR (eight of 21 patients after ACD CPR vs 
six of 20 patients after standard CPR ; P=.6). 

Potential complications as a result of use of either CPR method 
were monitored throughout the study. Chest roentgenograms were obtained in 
all patients admitted to the ICU. In the standard CPR group, there were 
seven patients with rib and/or sternal fractures, one patient with a... 

...arrival of the first response team, 17 (22%) of the 77 patients in the 
standard CPR group and in 13 (25%) of the 53 patients in the ACD CPR 
group had evidence of vomiting. During or after CPR , an additional five 
patients in the standard group and four patients in the ACD group... 

...the device and the sternum secondary to a friction burn. One patient in 
the standard CPR group also had a superficial denuding of skin over the 
sternum, but the difference between statistically significant P<.01). 

In the 53 patients in whom the ACD CPR device was used, paramedic 
unit captains reported that suction was good to excellent 46 times... 

. . .patients older than 8 years in nontraumatic, normothermic 
out-of -hospital cardiopulmonary arrest who received CPR during the same 
10-month period in the year prior to our study. During that time, 53 (36%) 
of patients who received CPR had an ROSC, 32 (22%) were admitted to the 
ICU, 14 (9%) were alert and... 

...retrospectively obtain reliable information related to whether the 
arrests were witnessed, the use of bystander CPR , the call response 
interval, the initial rhythm, or the duration of downtime. 
COMMENT 

Outcomes Analyses 

The purpose of this study was to prospectively examine the efficacy 
of ACD CPR in patients with out-of-hospital cardiac arrest. The results 
demonstrate that in two groups... 

...characteristics, there was a trend toward increased rates of ROSC and 
ICU admission after ACD CPR when compared with standard CPR . In 
patients with less than 10 minutes between collapse and arrival of the 
first response ... 

...to the scene, there was a significant increase in the ICU admission 
rates with ACD CPR . (59%) compared with standard CPR (33%) (P<.02). 
Improvement in short-term survival in victims of out-of-hospital cardiac 
arrest of this magnitude has not been reported since the first description 
of manual CPR more than three . decades ago. [11-14] 

The duration between the time of collapse and the initiation of CPR 



was found to be highly associated with a positive outcome, similar to 
observations by others who have found standard CPR to be most effective 
when initiated less than 4 minutes after cardiac arrest. [11] Therefore, we 
performed subset analysis on patients with relatively short downtimes and 
found ACD CPR was significantly more effective than standard CPR with 
less than 4 minutes of CPR : more than 80% of the patients had an ROSC 
after ACD CPR compared with 33% after standard CPR (P<.01), and 73% of 
the patients were admitted to the ICU after ACD CPR compared with 33% 
a f _t e r s it an da rd CPR (P< . 0 5_ ) ^_ Although analysis of patients with downtimes 
from 4 to 9 minutes suggests that the use of ACD CPR may extend the 
window of opportunity between the time of arrest and the initiation of CPR 

that can ultimately lead to a successful outcome, more patients will be 
needed to demonstrate. . . 

...minutes, return to baseline neurological function was observed in 31% of 
the patients after ACD CPR and 20% of the patients after standard CPR 

(P=.27) . Included in the standard CPR group were two patients who 
received chest compressions for less than 30 seconds prior to... 

...comatose or neurologically impaired after admission to the ICU was 
similar with both methods of CPR . 

No significant differences in the complication rates were observed in 
patients admitted to the hospital with the use of ACD CPR compared with 
standard CPR , with one exception. There was a significant increase in 
localized hematomas in patients receiving ACD CPR . The contact point 
between the device and the chest wall has subseguently been redesigned to 

...demonstrate that suction was adeguate to good in more than 90% of 
patients when ACD CPR was performed. Despite the presence of significant 
chest hair or large breasts, adequate suction could... 

...in the vast majority of patients. 

This study adds to the growing evidence that ACD CPR may improve 
outcomes for some patients in cardiac arrest . [ 4 , 5 , 8 , 15-17 ] Two recent 
in-hospital studies demonstrated a similar improvement in the ICU admission 
rate between ACD CPR and standard CPR .[15,16] There were too few 
patients to know with certainty about long-term outcomes... 

...the studies were terminated. In May 1993, the FDA stopped all clinical 
trials of ACD CPR in the United States until safety and efficacy are 
assessed in a large multicenter in... 

...being enrolled in the study. Thus, it will not be possible to further 
evaluate ACD CPR efficacy in patients in out-of -hospital cardiac arrest 
for several years in the United States. Larger in-hospital and prehospital 
studies will be needed to know definitively whether ACD CPR will improve 
long-term clinical outcomes. 
Study Variables 

The evaluation of any type of CPR efficacy is dependent on the 
effectiveness and structure of the entire EMS system. St Paul ... personnel 
included paramedics who were capable of delivering early defibrillation. 
All EMS personnel have annual CPR training and received training 
immediately prior to beginning this study and prior to the first... 

...the St Paul adult population has received formal training, at least one 
time, in standard CPR . Thus, all of these factors, when considered as a 
whole, may contribute to the potential benefits of ACD CPR observed in St 
Paul . 

To determine whether participation in our study altered ICU admission 



rates in the standard CPR group compared with historical controls, we 
examined the records of all victims of nontraumatic, normothermic cardiac 
arrest who received standard CPR during the same 10-month period from the 
previous year. The total number of patients... 

...compared with 17% during our study (P<.1). Although the ICU admission 
rates with standard CPR were similar, the improvement in neurological 
function in patients with standard CPR in our study group suggests that 
there may have been a "training effect" or Hawthorne effect from being in a 
study. The importance of training with both methods of CPR cannot be 
overemphasized. In our study, we underscored the notable differences in 
feel and practice between standard CPR and ACD CPR during the training 
to help ensure correct practice of the two techniques. 
We intentionally designed. . . 

...had arrived at the scene and, despite extensive training and patient 
assignment to receive ACD CPR , neglected to use the ACD device at the 
moment of the arrest. Careful review of... 

...first responders. Clinical outcomes of these eight patients were similar 
to others who received standard CPR . Nonetheless, the likelihood for 
treatment assignment errors, with the unassigned use of standard CPR 
since it does not involve taking out an additional piece of equipment, 
remains a potential problem for any study comparing manual CPR with an 
alternative method. 
Conclusions 

This study demonstrates that ACD CPR appears to be more effective 
than standard CPR in a well-defined subset of victims of out-of -hospital 
cardiac arrest during the critical initial phases of resuscitation . Based 
on this study, a larger study should be performed to evaluate the potential 
long-term benefits of ACD CPR . 

We thank the members of the St Paul Fire Department and St 
Paul-Ramsey Emergency. . . 
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ABSTRACT: A mechanical device that allows doctors to decompress the chest 
actively during cardiopulmonary resuscitation ( CPR ) rather than 
passively may be more effective in restoring heart function in patients who 
are . . . 

...received conventional care for at least 10 minutes. Each patient was 
randomized to receive either CPR with an active compression-decompression 
(ACD) device or traditional CPR for two minutes/ then they were switched 
to the alternate method. Blood pressure in eight patients increased 
significantly when they were switched from CPR to ACD- CPR . Doppler 
echocardiography during ACD- CPR showed that blood flow from the heart 
increased, compared to CPR . The echocardiogram also showed that the 
mitral valve, which controls the flow of blood into the left ventricle, 
opened much more widely during the relaxation phase of ACD- CPR , compared 
to CPR . ACD- CPR restored a stable rhythm in three of the patients, but 
none survived. 

AUTHOR ABSTRACT: Objective. — To described and compare with standard 



cardiopulmonary resuscitation ( CPR ) in humans a new form of CPR that 
involves both active compression and active decompression of the chest. 
Design. — Patients in cardiac... 

...failed were randomized to receive 2 minutes of either standard or active 
compression-decompression (ACD) CPR using a custom, hand-held suction 
device, followed by 2 minutes of the alternate technique. The ACD device 
was applied midsternum and used to perform CPR according to the 
g uide lin e s _o f t he Ame r ican H e_art_A s soc iat i on : _8 _0_ conypi: ess ions p e r m inu te, 
compression depth of 3.8 to 5 cm, 50% duty cycle, and const ant -volume 
ventilation .Mechanical Thumper CPR was also compared in five patients. 
End-tidal carbon dioxide ( [ ETCO . sub . 2 ] ) concentrations and... 

...or -] SD [ETCO. sub. 2] was 4.3 [+ or -] 3.8 mm Hg with standard CPR and 
9.0 [+ or -] 3.9 mm Hg with ACD CPR (P<.0001). Systolic arterial pressure 
with standard CPR was 52.5 [+ or -] 14.0 mm Hg and with ACD CPR , 88.9 
[ + or -] mm Hg (P<.003). The velocity time integral increased from 7.3 [+ 
or -] 2.6 cm with standard CPR to 17.5 [+ or -] 5.6 cm with ACD CPR 
(P<.0001), and diastolic filling times increased from 0.23 [+ or -] .09 
seconds with standard PCP to 0.37 [+ or -] . 12 seconds with ACD CPR 
(P<.004). Mechanical Thumper CPR consistently underper formed both 
standard 'and ACD CPR . Minute ventilation obtained in four patients 
during ACD CPR without endotracheal ventilation was 6.6 [+ or -] 0.9 
L/min. After 1 hour of standard CPR failed, three of 10 patients 
randomized to ACD CPR rapidly converted to a hemodynamically stable 
rhythm following 2 minutes for ACD CPR . Conclusion. — ACD CPR is a 
simple manual technique that improved cardiopulmonary circulation in 10 
patients during cardiac arrest. Although ACD CPR may have produced a 
return of spontaneous circulation in three patients refractory to standard 
measures ... 

TEXT: 

Despite the nearly universal application of standard cardiopulmonary 
resuscitation ( CPR ) , most out-of -hospital cardiac arrest patients do not 
survive .[ 1-5] In an. effort... 

The standard method of manual CPR , first described by Kouwenhoven et 
al[25] more than three decades ago, relies on -the . . . 

...and passive decompression of the chest wall. The importance of an active 
decompression phase of CPR was recently suggested by an anecdotal report 
of successful cardiac resuscitation using a "plumber's helper" (household 
drain plunger) applied to the anterior chest wall. [26... 

...that a simple suction device could assist chest wall expansion and 
improve the hemodynamics during CPR , active compression-decompression 
(ACD) resuscitation was compared with standard CPR in a canine model of 
cardiac arrest. [27] In eight dogs, cardiac output, systolic aortic 
pressure, coronary artery perfusion pressure, and minute ventilation were 
significantly augmented with ACD resuscitation compared with standard 
CPR . 

Based on these results, we proceeded to test the same technique in 
humans. The purpose of this study was to prospectively compare ACD 
resuscitation with standard methods of CPR in a randomized fashion in 10 
humans during cardiac arrest. 

METHODS 

ACD Resuscitation 

The ACD device consists of a rubber suction header, bellows, and 
handle, with a radius... 

. . .both force and depth of compression to ensure chest compressions similar 



to those with standard CPR . Preliminary mannequin testing was performed 
to ensure compression equivalent to that with standard CPR . The 
monitoring gauge was marked with three compression target levels: 29.25 kg 
for a . . . 

...kg for an average man, and 4 9.5 kg for a large man. For ACD CPR , the 
device was aligned midsternum at the level of the nipples; compression was 
performed in. . . 

...Fire Department fire fighters and paramedics on all patients. On arrival 
in the emergency department, resuscitation was directed by either the 
attending physician or senior resident physician according to ACLS 
guidelines . [29] Patients were intubated orotrachaelly (if not already 
intubated), and bag ventilation with a 100% fraction of inspired oxygen 
was used. 

While standard ACLS was being performed, a special ACD code team 
prepared for a randomized trial of ACD vs standard CPR . Once patients 
were monitored with intra-arterial pressure transducers, transesophageal 
echocardiography, and capnometry, if they. . . 

...randomized (via a random numbers table) to receive 2 minutes of either 
standard or ACD CPR followed sequentially by 2 minutes of the alternate 
technique. Constant-volume hand-assisted bag ventilation with 100% oxygen 
was provided by a registered respiratory therapist. Both methods of CPR 
were performed at 80 compressions per minute (metronome synchronized) with 
a 50% duty cycle in accordance with AHA guidelines . [28 ] After the 4-minute 
experimental CPR protocol, hand-assisted bag ventilation was stopped in 
four patients and ACD resuscitation was performed for 1 additional minute 
while minute ventilation was measured using a volume spirometer. After 1 
minute, hand-assisted ventilation was resumed. To discourage operator 
bias, when possible, standard CPR was performed by an ACLS-certif ied 
physician independent of the ACD code team. In addition... 

...trial. 

Samples for arterial blood gas measurements were collected before 
beginning the randomized trial of CPR and after completion of each 
2-minute CPR segment; arterial placement was confirmed by return of 
well-oxygenated blood from the pressure catheter. . . 

...concentrations were recorded at baseline and at 30-second intervals 
during 2 minutes of each CPR technique. Transmitral Doppler flow was 
recorded using a Sono 500 ultrasound system with a 21362A. . . 
...the protocol. In addition, two-dimensional transesophageal 
echocardiographic Imaging was performed before and after each CPR method. 
Random number sequences were used to code Doppler echocardiographic tapes 
to enable data analysis... 

...ACD code team leader coordinated the protocol and monitored the depth 
and force of ACD CPR performed by another team member. A cardiologist 
placed the transesophageal probe and recorded two-dimension... 

...data. A third member secured a femoral arterial line for pressure 
monitoring and performed ACD CPR . These measures typically took 15 
minutes. A fourth member was responsible for calibrating ...Throughout the 
protocol the emergency department attending or resident physician 
maintained complete control of the resuscitative efforts. Decisions to 
terminate resuscitation and postresuscitation supportive measures were 
made by the emergency attending or resident physician. Patients did. . . 

...before and after data collection. No patients received sodium 
bicarbonate at any time during their resuscitation . 



Data Collection and Analysis 

Forward transraitral flow (from the mitral valve leaflet tips) was 
continuously. . . 

...analyzed off-line by an echocardiography not present at the arrest and 
blind to the CPR techique. Echocardiographic measurements included the 
trasmitral valve velocity time integral, left ventricular and left atrial 

. . . co ncentrations were r ec orded ev er y_ 3 0_ second durin g 2 minutes _o f 

standard, ACD, and mechanical Thumper CPR . Hemodynamic and capnometry 
data were determined for each technique after 30, 60, ^ 90, and 120... 

...examined to determine details of treatment in the field, time between 
arrest and commencement of resuscitation ., and transport time from the 
site of the arrest to the emergency department. 

RESULTS 

Patient ... 

...emergency department (patient 1) and one in the coronary care unit 
(patient 9) . The experimental CPR protocol was started approximately 30 
minutes after patients arrived in the emergency department. In seven of 10 
cases, standard CPR was performed by an ACLS-certif ied physician who was 
not part of the special ACD... 

...five patients, right ventricular displacement was quantitatively 
determined during compression during both ACD and standard CPR (via 
transesophageal echocardiographic imaging) . Displacement of the right 
ventricle during the compression phase of ACD CPR was 4.3 [+ or -] 1 . 3 cm 
vs. 3.6 [ + or -] 1.5 cm with standard CPR (not significant). No 
randomized standard CPR data were obtained in patient 10 because of 
successful resuscitation after randomization to ACD CPR . 

Table 1 shows the characteristics of each patient. The causes of 
arrest, as indicated by... 

...asystole (one patient), or electrochemical dissociation (three 
patients). The time between arrest an when prehospital CPR was -started 
varied considerably (0 to 20 minutes) . The mean interval from the time of 



...carbon dioxide concentrations were measured in eight of 10 patients 
during both ACD had standard CPR . The mean [ETco.sub.2] concentration 
increased from 4.3 [+ or -] 3 . 8 mm Hg with standard CPR to 9.0 [ + or -] 
3.9 mm Hg with ACD CPR (P<.0001) (Fig 2). 

Femoral arterial pressures were recorded in eight of 10 patients. The 
systolic arterial pressure increased from 52.5 [+ or -] 14.0 mm Hg with 
standard CPR to 88.9 [+ or -] 24.7 mm Hg with ACD CPR (P<.003) (Fig 3). 
There was no appreciable difference in diastolic arterial pressure between 
CPR techniques (Fig 3) . Arterial pressure waveforms during standard CPR 
were of lower amplitude and more blunt than those during ACD CPR . A 
dicrotic notch was evident during ACD CPR but not during standard CPR 
(Fig 4) . 

No significant differences in arterial blood gas measurements were 
observed between the various CPR methods (Table 2). The mean initial 
arterial pH was 6.9 [+ or -] 0.18. Initial... 

...was no significant difference between arterial blood gas measurements 
obtained after 2 minutes of standard CPR and those obtained after 2 
minutes of ACD CPR . 

Spirometry in four patients during ACD CPR without endotracheal 
ventilation revealed a minute ventilation of 6 . 6 [+ or -] 0.4 L/min 



(range, 6.0 to 7.8 L/min) . This is equivalent to a ventilatory volume of 
approximately 80 mL per compression. Negative inspiratory force was 
measured in one patient... by transesophageal Doppler echocardiography 
revealed a significant improvement in forward cardiac blood flow with ACD 
CPR compared with either standard or mechanical Thumper CPR . The 
transmitral valve velocity time integral increased from 7.3 [+ or -] 2 . 6 cm 
with standard CPR to 17.5 [+ or -] 5.6 cm with ACD CPR (P<.0001) (Fig 
5) . The mean diastolic filling time, determined by measuring either the 
_le_ft. . . : 

...was increased during the decompression phase from 0.23 [+ or -] 0.09 
second with standard CPR to 0.37 [+ or -] 0.12 seconds with ACD CPR 

(P<.004) (Fig 6). In addition, there was a qualitative increase in left 
atrial size during the decompression (diastole) with ACD CPR compared 
with passive chest relaxation with standard CPR . Spontaneous contrast on 
two-dimensional transesophageal echocardiographic is an indicator of stasis 
of blood flow. [32] This spontaneous contrast was common during standard 
CPR but tended to clear (indicating improved blood flow) in all patients 
with ACD CPR . 

Transesophageal two-dimensional echocardiographic imaging during 
standard CPR revealed that the right ventricle was compressed and the 
atrioventricular valves were closed. Figure 7... 

...valve, appearing to facilitate ventricular filling. 
Comparison With Mechanical Thumper 

In addition to comparing standard CPR with ACD CPR , physiologic 
measurements were made in five patients who underwent mechanical Thumper 
CPR immediately prior to the randomized CPR trial. The compression depth 
was set (by the attending emergency physician) according to the 
manufacturer ... 

...generated lower systolic arterial pressures and [ETCO.sub.2] 
concentrations than both standard and ACD CPR . Figure 4 displays the 
arterial pressure recordings from a representative patient (patient 5), 
demonstrating a. . . 

...improvement in systolic arterial pressures as one progresses from 
mechanical Thumper to standard to ACD CPR . 
Electromechanical Effects of ACD CPR 

In three of 10 patients (patients 1, 5, and 10) who underwent 
prolonged resuscitation with standard CPR (>1 hour) , ACD CPR applied 
for only 2 minuted restored a hemodynamically stable rhythm. No patient in 
whom ACD CPR failed was resuscitated by standard CPR .. Sinus rhythm 
was restored within less than 2 minutes after the application of ACD CPR 
in two patients (patients 1 and 10) , and patient 5 converted from 
ventricular fibrillation to... 

...later time due to either incessant tachyarrhythmias associated with 
hemodynamic instability or concern that prolonged resuscitation had 
resulted in severe brain damage. 
COMMENT 

This study demonstrates that ACD CPR , a simple manual technique, 
significantly improves cardiopulmonary circulation in humans during cardiac 
arrest compared with standard CPR . In contrast to previous ' techniques 
that require complicated machinery, an additional operator, or an awake 
patient, ACD CPR is a relatively simple variation on standard CPR 
.[7,9,15] The rate and depth and compression are those recommended by the 
AHA for standard manual CPR . [28] The device can be used with minimal 
training, requires no setup time, is used. . . 

. . .been shown to be a reliable predictor of coronary perfusion pressure and 



of likelihood of resuscitation from cardiac arrest . [ 35 , 42 ] The 
[ETCO.sub.2] concentration was increased from baseline in all of the four 
patients for whom it was recorded during ACD CPR . Such increases were not 
observed with either standard or mechanical Thumper CPR . There were no 
significant changes in arterial blood gas measurements with any technique 
in this . . . 

...End-tidal carbon dioxide concentration during cardiac arrest has been 
shown to predict successful initial resuscitation with a sensitivity of 
— 4 5"% — and" a "spe^iTicTty "o"f 9~4 %""irf a~~ s imTl a r~ "pat X eTiV^opuTa if i on at ~ our - 
institution. [43] The average [ETCO.sub.2] concentration obtained with ACD 
CPR in these patients (9 mm Hg) has been previously associated with a 28% 
chance of initial resuscitation in our patient population, but the level 
obtained with standard CPR has been associated with a chance of initial 
resuscitation lower than 1%. [35,43] In fact, ACD CPR initially 
resuscitated 30% of patients in this study. 

A significant increase in systolic arterial pressure was observed 
with ACD CPR compared with standard and mechanical Thumper CPR . Such 
increases in systolic arterial pressure have been associated with improved 
cerebral perfusion in humans... 

...sub. 2] concentration, functional improvements were quantitatively 
observed via transesophageal Doppler echocardiography imaging during ACD 
CPR . The velocity time integral (an analogue of cardiac output) and 
prolonged diastolic filling were augmented with ACD CPR compared with 
standard and mechanical Thumper CPR . These techniques of measurement have 
been validated and are highly accurate at cardiac outputs as... 

...31] Spontaneous contrast on echocardiography is an indicator of vascular 
stasis and was common during CPR . [32] However, ACD CPR usually produced 
a clearing of spontaneous contrast, indicating improved blood flow. We 
speculate that ACD CPR produces a negative intrathoracic pressure 
during decompression and thereby improves venous return, transmitral 
ventricular filling, and cardiac output. 

ACD CPR without hand-assisted orotracheal ventilation resulted in 
ventilation greater than 6 L/min. The significance of this observation 
remains unknown, but perhaps ACD CPR assists ventilation during cardiac 
arrest. No significant change in [PCO.sub.2] was observed after a short 
intervention of ACD compared with standard CPR . 

There were a number of limitations to this study. First, patients had 
already undergone prolonged resuscitation before entry into the trial and 
thus had an extremely small chance of successful outcome... 

...impact of the ACD device on survival is predicated on its application as 
soon as CPR is begun. Although ACD CPR restored a hemodynamically 
stable rhythm in three of 10 patients who underwent prolonged 
resuscitation , conclusions abou the impact of ACD CPR on survival cannot 
be made from these data. Second, the compression force of both standard and 
ACD CPR might have been variable across different operators and 
techniques. We attempted to control for this by closely and constantly 
monitoring compression rate and depth, having noninvestigators perform 
standard CPR , using a calibrated compression gauge with ACD CPR (to 
ensure comparable compression to standard CPR ) , and comparing the 
technique with mechanical Thumper CPR in half the patients. The blood 
pressures produced in our patients by standard CPR were similar to those 
reported by other investigators .[ 33 , 34 , 4 4 , 4 5 ] Additionally, systolic blood 
pressures comparable to those produced by ACD CPR cannot be achieved by 
increasing compression force if the rate is held constant .[ 4 6 ] Since... 
...no significant difference in right ventricullar displacement during the 
compression phase of standard or ACD CPR , we believe that the 



] 

improvements in cardiopulmonary circulation probably resulted from active 
chest decompression. Our... 

...was designed to measure the short-term physiologic and hemodynamic 
effects of ACD vs standard CPR in a randomized fashion. We did not assess 
the effects of ACD CPR on either regional perfusion or long-term 
survival. We did, however, measure the efficacy of... 

...concentration, which has previously been shown to correlate well with 
-coronary-perf-us-ion— pressu-re-and -i-n-i-tia-l - -resuscitation- ..-[.3.5^-4 2 J_F_our_th, _ 
epinephrine was given to patients prior to the data-collection period, and 

...variables. However, our study was a crossover design in which half the 
patients received ACD CPR first and half received standard CPR first; 
this design should cancel out any such effects. 

In conclusion, ACD resuscitation offers a variation on standard 
manual CPR that converts the decompression phase from a passive to an 
active process. With ACD resuscitation , cardiovascular pulmonary and 
systemic hemodynamics were significantly improved in this small study of 
patients late in cardiac arrest. Further studies are necessary to determine 
the effects of ACD CPR on regional perfusion and long-term survival. 

This study was supported in part by an... 

. . . Denmark . 
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CPR : the P stands for plumber's helper, (cardiopulmonary resuscitation ) 

(letter to the editor) 
Lurie, Keith G . . . 

TEXT: 

CPR : The P Stands for Plumber's Helper To the Editor. Though 
novel methods of cardiac resusscitation exist, the traditional 
cardiopulmonary resuscitation ( CPR ) techniques recommended by the 
American Heart Association have a proven track record. [1] This is... 

...collapsed in front of his family. He was unrousable. His son, poorly 
trained in traditional CPR , attemted to ventilate his father, but the 
patient did not respond. The son then attempted manual chest compression, 
but his father reportedly remained pulseless and breathless . The son then 
remenbered that his mother had resuscitated her husband 6 months earlier 
with a toilet plunger. Thus, the son ran upstairs, took... 

. . .minutes until the paramedics arrived. By that time the patient had begun 
to move and breath on his own. He was found to be incontinent of urine, 
though no signs of . . . 

effective chest compressor, but the suction between the chest wall 



and the plunger generated significant negative pressure and served to 
ventilate the patient as well. The son, delighted that his mother's toilet 
plunger technique had. . . 

...all the beds in our coronary care unit. We recommended that he take a 
basic CPR course but had to admit that it's hard to argue with success. 

Keith G. Lurie , MD Clinton Lindo, MD Jerome Chin, MD Medical 
Center University of California San Francisco 

[1.] Standard's and guidelines dor cardiopulmonary resuscitation ( 
CPR") "an d~~< emer g e n c y"c ar cfia c car" e" (ECC ) 7 " "JAMA." — 19 80; 244~:~4 5 3~-~50 97~ 
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Optimizing standard cardiopulmonary resuscitation with an inspiratory 
impedance threshold valve. 
Lurie, Keith G . . . 

TEXT: 

...to assess whether intermittent impedance of inspiratory gas 
exchange improves the efficiency of standard cardiopulmonary resuscitation 
( CPR ) . 

Background; Standard CPR relies on the natural elastic recoil of the 
chest to transiently decrease intrathoracic pressures and thereby promote 
venous blood return to the heart. To further enhance the negative 
intrathoracic pressures during the "relaxation" phase of CPR , we tested 
the hypothesis that intermittent impedance to inspiratory gases during 
standard CPR increases coronary perfusion pressures and vital organ 
perfusion. 

Methods: CPR was performed with a pneumatically driven automated 
device in a porcine model of ventricular fibrillation. Eight pigs were 
randomized to initially receive standard CPR alone, while seven pigs 
initially received standard CPR plus intermittent impedance to 
inspiratory gas exchange with a threshold valve set to -40 cm (H. sub. 2)0. 
The compression: ventilation ratio was 5:1 and the compression rate was 
80/min. At 7-min intervals the impedance threshold valve (ITV) was either 
added or removed from the ventilation circuit such that during the 28 min 
of CPR , each animal received two 7-min periods of CPR with the ITV and 
two 7-min periods without the valve. Results: Vital organ blood flow was 
significantly higher during CPR performed with the ITV than during CPR 
performed without the valve. Total left ventricular blood flow (mean (+ or 
-) SEM) (mL/min/g. . . 



...vital organ blood flow .and coronary perfusion pressure. 

Conclusions: Intermittent impedance to inspiratory flow of 
respiratory gases during standard CPR significantly improves CPR 
efficiency during ventricular fibrillation. These studies underscore the 
importance of lowering intrathoracic pressures during the relaxation phase 
of CPR . (CHEST 1998; 113:1084-90) 

Key words: active compression-decompression CPR ; cardiac arrest; 
cardiopulmonary resuscitation ; heart; impedance threshold valve- 
ventricular fibrillation 

Abbreviations: ACD=active compression-decompression; CPP=coronary 
perfusioh~~pressure; C PR7^"~ca rdxb pu Imo n a ry~~ "resuscitatiorT; ~TTV=impedance~ 
threshold valve; NS^not significant 

The potential value of increasing negative intrathoracic pressure 
during the decompression phase of cardiopulmonary resuscitation ( CPR ) 
with a new technique termed active compression-decompression (ACD) CPR 
has been described recently. 1-5 ACD CPR enhances the bellows-like action 
'of the chest. Use of this method is associated with improved hemodynamic 
status in animal models and humans when compared with conventional manual 
CPR . (1-5) More recently, we demonstrated that the efficacy of ACD CPR 
could be further improved by insertion of an inspiratory impedance 
threshold valve (ITV) into the respiratory circuit. (6) In a porcine model 
of ventricular fibrillation, we observed that use of the ITV during ACD 
CPR , which physiologically mimics the clinical Mueller maneuver, lowers 
intrathoracic pressure during the decompression phase, thereby enhancing 
vital organ blood flow and lowering defibrillation energy requirements when 
compared with ACD CPR alone. (6) In the present study, we hypothesized 
that the use of an inspiratory impedance valve during standard closed-chest 

CPR , which also relies on the bellows-like action of the thorax, would 
enhance the negative intrathoracic pressure generated by the natural 
recoil of the chest during the decompression phase. As such, the... 

. . .present investigation was to test this hypothesis by insertion of an 
inspiratory ITV into the respiratory circuit. We describe the 
measurements of central aortic pressures, coronary perfusion pressures, 
vital organ blood. . . 

...induction of ventricular fibrillation, 5,000 U of sodium heparin was 
administered IV. 

Closed-chest CPR was performed with a 6.5-cm circular compression 
pad positioned over the sternum. The... 

...7100/66 computer; Apple Computer; Cupertino, Calif). (6) 

The protocol was designed to compare standard CPR alone with 
standard CPR plus an inspiratory ITV. Each pig served as its own control. 
The experimental protocol is... termed "time 0." At this point, the pigs 
were assigned randomly to initially receive either CPR alone or CPR 
plus the ITV. The endotracheal tube (ET tube high-low JET, Mallinckrodt 
Inc; St. Louis) was immediately disconnected from the mechanical 
ventilator and the tube cuff pressure was assessed to ensure that it was 
adequate to seal the trachea. After 3 min of ventricular fibrillation, 
during which time no chest compressions or ventilation was performed, 
CPR was initiated with the automated device. The compression rate was 
80/min with a 50 . . . 

...and that during the decompression phase the pad did not impede chest 
wall relaxation. (6) 

Ventilatory support and automated standard CPR were performed 
simultaneously during CPR . Ventilation was provided by manual bag 
ventilation (Ambu bag; Glostrup, Denmark) and oxygen (8 L/min) as 
previously described. (3) Ventilatory support was continued throughout all 
experiments using manual bag ventilation with 10 L oxygen 



supplementation. Hand-held ventilation was utilized after preliminary 
experiments showed that it was easier to interpose manual ventilatory 
efforts at the end of the decompression phase with the bag ventilation 
than with mechanical ventilation . Moreover, the mechanical ventilators 
available to us (including the Harvard animal ventilator (Harvard 
Apparatus; Dover, Mass) and the Siemens ventilator (Siemens; Munich 
Germany)), which we have previously used, (1,3,6) had a significant amount 
of resistance to inspiration. That inspiratory resistance prevented us from 
testing our overall hypothesis. During CPR , lrespirat ions were delivered 

co ntinuously at a ra t e _o f _Jl 6 /mi n (one br eath e very fiv e chest _ ; 

compressions) at a constant tidal volume of approximately 450 mL. As 
previously described, ventilations were delivered during the 
decompression phase of CPR .(1,6) 

The ITV in this study consisted of two 20 cm (H. sub. 2)0 threshold 
valves (Ambu Anesthesia PEEP Valve 20, No. 194011000; Ambu, Inc; 
Glostrup, Denmark) connected in series between the endotracheal tube... 

...the Ambu bag such that during the decompression phase, but in the 
absence of manual ventilation , the valves opened only with greater than 
-40 cm (H. sub. 2)0 of inspiratory... 

...than -40 cm (H. sub. 2)0 of intrathoracic pressure was required for 
inspiration of respiratory gases during four of every five compression 
cycles during performance of CPR with the ITV. With standard CPR and 
without active bag ventilation , use of these threshold valves in series 
resulted in effectively no inspiratory movement of respiratory gases 
during the decompression phase of CPR . As shown in the protocol time 
line, at 7-min intervals, the ITV was either added or removed from the 
ventilation circuit such that during the 28 min of CPR , each animal 
received two 7-min periods of CPR with the valve and two 7-min periods 
without the valve. 

Once CPR alone or CPR plus the ITV was initiated, the same method 
was performed continuously for 7 min. Radiolabeled. . . 

...values are expressed as mean (+ or -) SEM. 
RESULTS 

Seven pigs were randomized to initially receive CPR with the ITV 
and eight pigs received CPR initially without the ITV. There were no 
significant differences in the compression forces between groups ... ITV . 

(Figure 2 ILLUSTRATION OMITTED) 

(TABULAR DATA 1 NOT REPRODUCIBLE IN ASCII) 

During performance of CPR , there were no significant differences in 
aortic systolic pressure during the compression phase of CPR when the ITV 
was used (Table 1 ). Differences in the coronary perfusion pressures (CPPs) 
(diastolic. . . 

...and Figs 3 and 2c (bottom)). The mean CPP during the entire 28 min of 
CPR tended to be higher during CPR with the ITV (14.8 (+ or -) 1.3) than 
during CPR without the ITV (12.5 ( + or -) 1.5/ p=0.07). 
(Figure 3 ILLUSTRATION OMITTED... 

...yet statistically significant decrease in the CPP each time the ITV was 
removed from the respiratory circuit (Fig 2c (bottom)). In contrast, each 
time the ITV was added to the respiratory circuit, the mean CPP remained 
constant . 

Use of the ITV during standard CPR also increased vital -organ blood 
flow. The mean ventricular blood flow throughout the entire experiment was 
significantly higher during CPR +ITV than during CPR -ITV (+ITV, 0.32 (+ 
or -) 0.04; -ITV, 0.23 (+ or -) 0.03; p (is... 

...with the measurement of the CPP, each time that the ITV was removed from 



the respiratory circuit, there was a statistically significant decrease 
in the left ventricular blood flow within that... 

...similar manner, the mean cerebral- blood flow throughout the entire 
experiment was significantly higher during CPR with the valve when 
compared with no valve (+ITV, 0.23 (+ or -) 0.02; -ITV. . . 

...02; p (is less than) 0.05). The cerebral blood flow was significantly 
higher during CPR with the ITV than without the ITV at two of the four 
time points (Fig. . . 

—TV rwas ~al-so — examined ~The "me"an~eTido 
experiment was significantly higher during CPR with the ITV (0.95 ( + or 
-) 0.11) than without the ITV (0.81 ( + or... 

...and 23 min, the pH was significantly higher in the group that started 
initially with CPR + ITV. Correspondingly, at 9 and 23 min, the P (CO. sub. 2) 
was significantly lower in the group that started CPR +ITV. 
DISCUSSION 

Closed chest manual cardiac massage or standard CPR depends, in 
part, on the natural resilience of the chest wall to refill the heart with 
blood following each compression phase. This transient period of negative 
intrathoracic pressure is a critical aspect of any method of CPR . When 
the inflow of respiratory gases is impeded by an inspiratory threshold 
valve, equilibration of the negative intrathoracic pressure generated 
by the elastic recoil of the chest occurs to a greater extent by enhanced 
venous return and not by movement of respiratory gases. Results from the 
current study demonstrate that myocardial perfusion is increased by 40% 
during standard CPR in the presence of the ITV compared with standard 
CPR alone. The results further suggest that endocardial blood flow is 
increased with the use of the ITV. Overall, these results imply that 
insertion of an ITV into the respiratory circuit during standard CPR 
enhances the return of venous blood to the thoracic area. These findings 
are consistent with an earlier study in which the ITV was found to enhance 
the efficacy of ACD CPR . (6) Together, these investigations suggest that 
intermittent impedance to inspiration during a performance of any method of 
. CPR , which relies at least. in part on either passive or active elastic 
recoil of the chest wall to enhance venous return, should significantly 
increase overall CPR efficacy. 

In this study, the beneficial effects of the ITV, as demonstrated by 
the prevention. . . 

...decrease in the CPP or vital organ perfusion when the ITV was added to 
the respiratory circuit, were most pronounced each time the ITV was 
removed from the respiratory circuit (Fig 2) . Given the similar 
measurements of vital organ blood flow and CPP obtained 2 min after 
initiation of CPR between both groups, these results suggests that other 
factors, in particular the initial profound neurohormonal ... underestimate 
the ^ potential benefit of the ITV. Moreover, they suggest that there is a 
minimum negative intrathoracic pressure threshold during the 
decompression phase that must be overcome, at which point myocardial 
perfusion increases in a nonlinear rate. In this fashion, the increase in 
negative intrathoracic pressure during the decompression phase appears 
to "afterload" the left and right heart, facilitating venous return... 

...the arterioles and the interstitium, the relative rates of right heart 
filling at a given negative intrathoracic pressure , and the relative 
responsiveness of the arterial and venous tree to subtle shifts in maximal 
negative intrathoracic pressure . 

Despite our current inability to fully understand the physiologic 
factors involved in enhancement of myocardial perfusion with the ITV, the 



results highlight the potential value of maximizing efforts to decrease 
negative intrathoracic pressure during the decompression or "relaxation" 
phase of CPR to enhance overall venous return and ultimately cardiac 
perfusion and overall CPR efficacy. Increasing negative intrathoracic 
pressures during the decompression, in addition to efforts aimed at 
maximizing positive intrathoracic pressures during the compression 
phase, appears to be important when optimizing the potential mechanical 
benefits of. . . 

...to increase systemic arterial pressures, augmentation of right heart 
" f rrrin g~~ is - a n~ e s s en t i 7a l~par t " o~f CPR T~Enh^rTc^men t "of "right - heart fi 1 ling ~ 
though difficult to assess by measurement of the calculated CPPs . . . 
...right ventricular infarction as well as during cardiac arrest. Based on 
the present study, maximizing negative intrathoracic pressure during 
the decompression phase of CPR appears to be an effective way to help 
increase right heart filling and overall venous return. 

The potential value of enhancing of negative intrathoracic 
pressure during passive relaxation of the chest wall by the use of an ITV 
is highly. . . 

...the heart and the compliance of the ventricular wall. Use of an 
impedance valve during CPR serves to "prime the pump" and is one of 
several new techniques available to enhance venous return to the heart 
during cardiac arrest and CPR . Although venous return during "optimal" 
mechanical CPR may be provided by the combination of the ITV and ACD CPR 
, (6) the present study suggests that even in the absence of new CPR 
techniques, the ITV holds potential promise to improve the efficacy of 
standard CPR . 
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TEXT: 

Objectives: This study was designed to assess whether a new method of 
cardiopulmonary resuscitation ( CPR ), termed active 

compression-decompression CPR , or ACD- CPR , improves organ perfusion 
when compared with standard (S) CPR in a dog model of ventricular 
fibrillation. 

Background: ACD- CPR has recently been shown to improve hemodynamic 
and respiratory parameters during cardiac arrest when compared with 
standard CPR . However, to our knowlege, the effects of ACD- CPR on 
tissue perfusion have not been investigated. 

Methods: Ventricular fibrillation was induced in eight anesthetized, 
intubated animals. ACD- CPR and standard CPR were each performed twice 
in alternating order. All interventions were preceded by 1 min of 
ventricular fibrillation, in which no CPR was performed, and consisted of 
6 min of CPR with either technique during which tissue perfusion was 
measured. Compressions were performed at 80/min. . . 

...chest wall for both techniques. Epinephrine was administered at the 
beginning of each 6-min CPR interval. Hemodynamic monitoring of aortic 
and right atrial pressure was performed continuously and myocardial, 
cerebral ... 

...3 [+ or -] 55.5 ml/min/100 g, respectively (mean [+ or -] SEM) . Compared 
with standard CPR , ACD- CPR resulted in higher global left ventricular 
(22.5 [+ or -] 6.2 vs 14.1 [+ or... 

...the frontal, parietal, and occipital lobes of the brain were all 
significantly improved by ACD- CPR . Aortic systolic (61.7 [+ or -] 4.1 vs 
4 9.5 [+ or -] 3.1 mm Hg. . . . 

...pressure (12.9 [+ or -] 3.4 vs 10.4 [ + or -] 3.4 mm Hg, ACD- CPR vs 
standard CPR , p < 0.01) were all higher during ACD- CPR than during 
standard CPR . 

Conclusions: We conclude that ACD- CPR improves tissue perfusion and 
systemic hemodynamics compared with standard CPR . 

(Chest 1994; 106:1250-59) ACD- CPR = active 
compression-decompression cardiopul- monary resuscitation ; S = standard 

Key words: cardiopulmonary resuscitation ; cerebral blood flow; 
hemodynamics; left ventricular blood flow; renal blood flow 

The standard method of cardiopulmonary resuscitation (S- CPR ) has 
undergone few changes since its introduction by Kouwenhoven et al(l) more 
than three decades ago. Despite its nearly universal acceptance, the number 



of patients who benefit from S- CPR is small (<20 percent), probably 
secondary to inadequate blood flow during resuscitative efforts. (2) (3) (4) 
While newer methods of CPR designed to enhance tissue perfusion * have been 
investigated, (5) (6) (7) (8) (9) (10) (11. 

...15) (16) at present there is insufficient evidence to warrant changes in 
current clinical S- CPR techniques. Recently, Lurie e.t al(15) described a 
patient who was successfully resuscitated using an ordinary bathroom 
plunger during CPR . This anecdotal report has stimulated the development 

_of a new met hod of_ CPR using a handheld suction device which, _whe.n _1 

applied to the chest "surface/ allows active" decompression as well as 
compression of the chest wall. Recent studies using active 
compression-decompression (ACD) CPR in humans during cardiac arrest 
demonstrated improvements in hemodynamic and respiratory parameters 
during ACD- CPR compared with S- CPR . (16) (17) To date, and to our 
knowledge,' the effects of ACD- CPR on tissue perfusion have not been 
investigated. This study was designed to compare regional organ blood flows 
achieved with ACD- CPR and S- CPR , and to gain new insights into the 
basic mechanisms by which active decompression of the chest wall miqht 
improve CPR hemodynamics. 

METHODS 

Preparation 

This study was approved by the University of Minnesota Committee on 
Animal . . . 

...administered as needed during surgery. Dogs were intubated with a 6-F 
endotracheal tube and ventilated with 10 L of supplemental oxygen at a 
minute ventilation required to maintain arterial pH between 7.3 and 7.4. 
Arterial blood gas monitoring was performed every 30 min to ensure adequacy 
of ventilatory parameters. The chest was shaved and animals were placed 
in the supine position until immediately. . . 

. ..Oxnard, Calif) referenced to the level of the right atrium. For analysis 
of hemodynamics during CPR with each technique, data were acquired at the 
end of each minute of each intervention ... end-expiration during compression 
(systole) and decompression (diastole) were averaged for six compressions 
over two respiratory cycles. Mean aortic and right atrial pressures were 
obtained electronically; 5,000 U of heparin was given IV prior to 
initiation of the study. 
CPR Techniques 

Both S- CPR and ACD- CPR were performed using a hand-held modified 
household plunger (internal diameter, 8 cm) shown schematically... 

...compressions. For each experiment, a new suction device was used to 
ensure adequate suction. Standard CPR was defined as compression and 
release with no suction adherence of the plunger to the chest, thus 
allowing passive relaxation of the chest wall to resting position. During 
S- CPR only, suction was prevented by placing two 10 x 10-cm gauze pads 
between the chest wall and the suction cup. ACD- CPR was defined as 
compression and active withdrawal of the plunger with adequate suction to 
actively decompress the chest wall to an anteroposterior diameter 
approximately 10 percent beyond normal resting position. CPR was 
performed with the dogs in the left lateral oblique ( 4 5 [degrees ] ) position 
Compressions were... 

...duty cycle. To ensure that the force of compressions was equal during 
both methods of CPR , two monitoring systems with continuous feedback to 
the person applying compressions were used. Direct measurements... 

...designed to allow the comparison of tissue flows and hemodynamics during 



multiple periods of ACD- CPR and S- CPR in the same animal. It was 
modeled in part from previous studies of CPR in animals by the Hopkins 
group (18) in which a short period of no CPR and relatively high-dose ' 
epinephrine were used. In each of seven dogs, both ACD- CPR and S- CPR 
were performed twice, 6 min per intervention, in alternating order. In one 
dog, ACD- CPR and S- CPR were each performed once. Each round of CPR 
was preceded by 1 min during which no CPR was performed. Using this 
experimental design, hemodynamic and organ blood flow measurements during 
each method of CPR were made twice in the same animal. Thus, comparison 

of tissue flows achieved with the two CPR techniques coul d b e made with 

"each "animal 'serving as "its own control. 
Before cardiac arrest... 
...adjusted as needed to maintain mean right atrial pressure at 3 to 8 mm 
Hg. Ventilatory support was continued throughout all experiments using 
manual bag ventilation with 10 L oxygen supplementation. Hand-held 
ventilation was utilized after preliminary experiments showed that it was 
easier to interpose manual ventilatory efforts at the end of the 
decompression phase with bag ventilation than with mechanical 
ventilation . Respirations were delivered at a rate of 16/min (one 
breath every five chest compressions) at a constant tidal volume required 
to maintain the same minute ventilation delivered during surgical 
preparation. Ventricular fibrillation was induced by a single 5-s 
application of . . . 

...with the endocardium of the right ventricle. After 1 min of 
fibrillation, during which no CPR or ventilation was performed, either 
ACD- CPR or S- CPR was initiated. The decision to use S- CPR or ACD- CPR 

was made randomly at the beginning of each experiment. In four dogs, S- 
CPR was performed first, and in four dogs, ACD- CPR was performed first. 
Epinephrine was administered using a protocol similar to that of Michael et 



...18) with a bolus (1 mg) directly into the left ventricle at the onset of 
CPR , followed by a continuous infusion (8 [micro] g/kg/min) into the right 
atrium throughout the remaining 27 min of the experiment.. The first CPR 
method (either S- CPR or ACD- CPR ) was continued for 6 min during which 
blood flows and hemodynamics were measured. After 5... 

...assess residual counts in the ventricle at the end of the intervention. 
After 6 min, CPR was stopped. After 1 min of no CPR and no ventilation 
, the alternate CPR technique was performed for 6 min. At the onset of 
this second round of CPR , a repeat bolus of epinephrine (1 mg) was 
administered into the left ventricle. Hemodynamic and... 

...first intervention. In seven experiments, this cycle of 1 min of 
ventricular fibrillation with no CPR and 6 min of CPR was repeated two 
additional times alternating the two techniques for each intervention, for 
a total of four CPR interventions per dog. In one experiment, only' two 
interventions were performed. 

Tissue Flow Measurements 

Regional . . . 

. . . 15- [micro] m-diameter microspheres with techniques similar to those 
previously reported and validated during CPR in ...Studies have shown 
that tissue flows can be accurately measured within 1 min of instituting 
CPR and that peripheral blood flow and tissue perfusion remain relatively 
steady throughout the entire duration of CPR up to 50 min. (4) (18) For 
each intervention, approximately 2 x [10. sup. 6... 



inute in the reference blood samples. The two determinations of tis 



blood flow for each CPR intervention were then averaged to provide a 
single value for S- CPR and ACD- CPR for each animal. 
Statistical Analysis 

"All values are expressed as mean values [+ or -] SEM. Statistical... 

...0 [+ or -] 5.5 ml/min/100 g. Left ventricular flow during either method 
of CPR was significantly lower than during the baseline period (p < 
0.01). However, during ACD- CPR , left ventricular flow (22.5 [ + or -] 6 € . 2 
ml/min/100 g) was significantly greater than during S- CPR (14.1 [ + or -] 
2.1 ml /min/10 0 g f p < 0.01, ACD- CPR _vs CPR )_^_ 

"[Tabular data omitted] 
[chart omitted] 

Average baseline total brain flow was 14.2 [+ or -] 2.1 ml/min/100 g. 
During S- CPR , the flow was 8.5 [+ or -] 2.3 ml/min/100 g (significantly 
lower than. 

...this value increased to 12.0 [+ or -] 2.4 ml/min/100 g during ACD- CPR 
(p < 0.01, ACD- CPR vs S- CPR flows). The difference between ACD- CPR 
and baseline brain blood flow was not statistically significant (p = 0.24). 
Renal cortical flow fell dramatically during CPR with average flows of 
476.3 [+ or -] 55.5 ml/min/100 g during baseline, 17.5 [+ or -] 5.0 
ml/min/100 g during S- CPR , and 27.8 [+ or -] 5.0 ml/min/100 g during ACD- 
CPR (p < 0.05, ACD- CPR vs S- CPR flows). Thus, when compared with S- 
CPR , ACD- CPR resulted in a significant increase in total left 
ventricular perfusion, cerebral perfusion, and renal cortical flow. 
Furthermore, ACD- CPR resulted in cerebral blood flows that were 
statistically equivalent to baseline values. 

Global mean left ventricular and cerebral blood flows were 
significantly greater during ACD- CPR than during S- CPR in each of the 
eight individual experiments. As shown in Figure 2, organ flows were 
improved with ACD- CPR throughout a broad range of measured flows. These 
differences were statistically significant in each experiment (p [less than 
or equal to] 0.02 ACD- CPR vs S- CPR ). Thus, whether tissue flows during 
resuscitation in an individual experiment were low or high, ACD- CPR 
resulted in greater perfusion than S- CPR . In the kidney, flow was 
improved with ACD- CPR in five of the seven animals (p < 0.02). In one 
experiment, renal cortical flows were no different between the two 
techniques, and in another, flow during S- CPR was higher than during ACD- 
CPR . In one experiment, renal blood flow was below the limit of detection 
with both ACD- CPR and S- CPR . 

Improvement in organ perfusion seen with ACD- CPR is further 
supported by the time course of recovery of microsphere activity from' the 
circulation ... 

...peak recovery of counts in the peripheral blood was the same for both 
methods of CPR , occurring 1.5 min after injection ...into the left 
ventricle. However, microspheres appeared more rapidly in the peripheral 
blood during ACD- CPR than during S- CPR . At 1 . 0 min after injection, 
25.4 [+ or -] 6.8 percent of all counts recovered were seen with ACD- CPR 
vs 14.6 [+ or -] 5.3 percent during S- CPR (p - 0.02). After peak 
recovery, microspheres were also cleared from the peripheral circulation 
significantly faster with ACD- CPR than with S- CPR . With ACD- CPR , 13.1 
[+ or -] 2.4 percent and 6.5 [+ or -] 1.9 percent of total... 

...percent and 9.2 [+ or -] 1.6 percent at the same time points during S- 
CPR (p < 0.05, both time points). Taken together, these clearance data are 
consistent with a significantly higher peripheral blood flow state during 
ACD- CPR than during S- CPR and are consistent with the organ blood flow 
data discussed above. 



Regional Tissue Perfusion 

In addition to total organ blood flow, regional tissue perfusion was 
also significantly improved with ACD- CPR compared with S- CPR . Regional 
organ flow in the heart and brain are shown in Table 1. Epicardial, 
midmyocardial, and endocardial left ventricular flows were all 
significantly improved with ACD- CPR compared with S- CPR . During ACD- 
CPR , regional flows to the epicardium and mid-myocardium were >4 0 percent 
of baseline levels while flow to the endocardium reached nearly 30 percent 
of baseline. In contrast, during S- CPR , epicardial and midmyocardial 
flow s were <30 percent of b asel ine and endocardial flows were only 16.., 



...flows decreased from 1.76 at baseline to 0.92 (p<0.02) during ACD- CPR 
and to 0.79 (p<0.01) during S- CPR . While the endocardial/epicardial ratio 
was greater during ACD- CPR compared with S- CPR , this difference was not 
statistically significant (p=0.20). In the brain, ACD- CPR resulted in- 
flows to the frontal, parietal, and occipital lobes to nearly 85 percent of 
baseline levels, while flows during S- CPR reached only 60 percent of 
baseline. 

Hemodynamics and Blood Gas Values 

The hemodynamic data from these experiments are summarized in Table 
2. Compared with S- CPR , ACD- CPR resulted in significantly higher aortic 
systolic and aortic mena pressures. Systolic right atrial and mean right 
atrial pressures were also significantly higher during ACD- CPR than 
during S- CPR . In contrast, there were no significant differences between 
diastolic aortic and diastolic right atrial pressures during CPR with the 
two techniques. Myocardial perfusion pressure, computed for each experiment 
as the diastolic aortic pressure minus the diastolic right atrial pressure, 
was significantly greater during ACD- CPR than during S- CPR . Left 
ventricular microsphere flow correlated with myocardial perfusion pressure 
for both ACD- CPR (r=0.845, p<0.01) and S- CPR (r=0.811, p<0 02) 

[TABULAR DATA OMITTED] 

Representative hemodynamic data acquired during ACD- and S- CPR are 
shown in Figure 4. Simultaneously recorded force of compression and 
intrathoracic pressure tracings are... 

...force of compression and similar peak intraesophageal pressure, aortic 
systolic pressures are higher with ACD- CPR than with S- CPR 
Furthermore, during active decompression', somewhat greater negative 
pressures within the esophagus are achieved, suggesting increased 
negative intrathoracic pressures were generated with ACD- CPR . Also 
worth noting is the difference in the right atrial pressure tracings durinq 
diastole with ... 

...right atrial pressure appears to reach its nadir earlier and remain 
lower than with S- CPR for a greater proportion of diastole, despite 
similar duty cycles for the two techniques. 
A. . . 

...28 blood gas samples taken during the last minute of baseline 
measurements and of each CPR intervention were analyzed from six of the 
eight experiments. Table 3 reveals there were no significant differences in 
the arterial blood gas data during ACD- CPR compared with S- CPR and that 
animals were adequately oxygenated throughout the experiment. When compared 
with baseline, animals were significantly more acidotic during S- CPR but 
not during ACD- CPR .During CPR with either technique, animals were 
significantly more hypocapneic than during baseline. 

[TABULAR DATA OMITTED] 

Validation. . . 



...radiolabeled microspheres in this acute model of ventricular 
fibrillation and to assess differences in ACD- CPR vs S- CPR , peripheral 



clearance of microspheres was estimated by dividing the corrected counts 
obtained in each of... 



...peripheral circulation by 3 min following their injection into the left 
ventricle during baseline, S- CPR , and ACD- CPR . The raw counts recovered 
from the left ventricle 5.5 min after initiation of each... 

...These data suggest that adequate ejection of microspheres from the 
ventricle had occurred during both CPR techniques. These findings are 
consistent with previous work that validated the microsphere technique for 
measuri-ng--blood--f low during- "CPR" .~(~4 ) — 
[CHART OMITTED] 

The data in this study represent means of values obtained during 
separate CPR interventions within individual experiments. It is possible 
that differences in blood flows seen with ACD- CPR vs S- CPR were 
affected by the particular time frame in a given experiment during which 
the intervention... 

...of our model during the course of an experiment, mean flows achieved 
with both ACD- CPR and S- CPR early in each of the experiments (ie, the 
first two interventions) were compared with mean... 

...Table 4). Also, the absolute differences and percentage of change in 
flows achieved with S- CPR and ACD- CPR early ...the model remained 
relatively stable throughout the experiments. Furthermore, the absolute 
differences in mean ACD- CPR and S- CPR flows remained constant 
throughout the experiment, suggesting that compared with S- CPR , ACD- CPR 
improved flows by a constant magnitude that was independent of time. 
Therefore, mean ACD- CPR tissue flows and hemodynamic parameters for the 
early and late periods were compared with mean S- CPR flows and 
hemodynamics. 

[TABULAR DATA OMITTED] 

DISCUSSION 

This study demonstrates that compared with S- CPR , ACD- CPR 
improves blood flow to three vital organs and significantly improves 
systemic blood pressure in a. . . 

...well as systolic blood pressure and calculated myocardial perfusion 
pressure were all improved with ACD- CPR . Despited wide variations in 
basal organ flow, improvements in flows to the heart and brain were seen 
with ACD- CPR in each of eight individual experiments that comprise this 
study. 

The measured myocardial flow during S- CPR was comparable to that 
observed in previous reports .( 4 )( 18 ) However, myocardial flows of 20 to 25 
ml/min/100 g tissue, higher than those observed with S- CPR in this study, 
may be necessary to meet the heart's metabolic needs during ventricular 
fibrillation. (22) Previous authors suggest that flows during prolonged CPR 

of at least 10 to 20 percent of baseline are necessary for successful 
defibrillation and. . . 

...are accurate, both the higher absolute flows and percentage of baseline 
flows achieved with ACD- CPR in our study suggests that ACD- CPR may 
provide a significant advantage over S- CPR in overcoming these critical 
threshold values. 

The brain is extremely sensitive to anoxic insult with... 

...patients demonstrate normal electroencephalograms and 
somatosensory-evoked potentials . (25) (26) In this study during ACD- CPR 
cerebral blood flows averaged nearly 80 percent of baseline flows. These 
levels of perfusion during ACD- CPR were statistically equivalent to 



baseline brain flows. In contrast, S- CPR resulted in 60 percent of 
baseline flows. Taken together, the significant increase in cerebral flows 
achieved with ACD- CPR over S- CPR might be important with regard to the 
potential recovery of neurologic function following a period of CPR 
The minimal metabolic requirements of the kidney are less well 
documented than for the heart... 

...Blood flow is preferentially shunted from the kidney during ventricular 
fibrillation. Renal blood flow during CPR in the range of 1 percent of 
baseline values has been a consistent finding in. . . 

...is comparable to those found previously. It is unlikely that the 
significant differences in ACD- CPR vs S- CPR renal blood flow during 
ventricular fibrillation would provide a greater chance of preserving renal 
function. . . 
. . . after arrest . 

The exact mechanisms responsible for improvement in organ flow and 
hemodynamics with ACD- CPR remain unclear. Indeed, the mechanisms by which 
circulation is sustained during S- CPR continues to be the subject of 
debate. Kouwenhoven et al(l) proposed that blood flow... 

...significant laboratory data also support the thoracic pump theory, which 
suggests that blood flow during CPR is a result of a generalized increase 
in intrathoracic vascular pressures that is transmitted to. 

...atrial pressure gradient occur predominantly during the relaxation phase 
of the chest compression cycle of CPR . Halperin et al(31) were able to 
demonstrate that myocardial flows depended on diastolic myocardial... 

...significantly with alterations in intrathoracic pressures. 

In this study, we have demonstrated that during ACD- CPR there is an 
improvement in myocardial perfusion pressure leading to greater myocardial 
flows during ACD- CPR (Tables 1 and 2). The tracings shown in Figure 4 
suggest that the right atrial pressure during decompression in ACD- CPR 
remains lower for a greater duration than during S- CPR . This difference 
may be important and may account for the improvement in calculated 
myocardial perfusion. . . 

...indirect measure of intrathoracic pressure, reveals a marked decrease in 
pressure during active decompression (greater negative intrathoracic 
pressure ) with ACD- CPR (Fig 4). To our knowledge, demonstration of 
intrathoracic pressure alterations with ACD- CPR has not been reported 
previously. In preliminary studies, we have evaluated the effect of ACD- 
CPR on phasic coronary flow velocity. These studies reveal that peak late 
diastolic flow velocity during decompression is markedly augmented during 
ACD- CPR vs S- CPR .(34) 
[CHART OMITTED] 

Based on these results, we speculate that ACD- CPR improves organ 
flow and systemic hemodynamics predominantly by increasing negative 
intrathoracic pressure during active decompression. The improvement in 
the aortic-to-right atrial pressure gradient and blood ... intrathoracic 
pressure. Furthermore, during active decompression, the compliant thoracic 
venous-bed is subjected to greater negative pressure both in duration 
and in magnitude. The resultant increase in the arterial to venous gradient 



...and pressures during compression. Further studies investigating the 
underlying mechanisms of organ perfusion during ACD- CPR are the focus of 
our current laboratory efforts. 
Limitations 

A large variance in absolute organ flow was noted during both methods 



of CPR . This is likely due to variations in the efficacy of either method 
of CPR secondary to differences in the canine chest configuration from 
animal to animal as they affect... 

...and decompression. Substantial variations in organ blood flow are 
commonly reported in animal studies of CPR . In our study, the use of 
paired observations in the same animal, each performed twice... 

...The hypocarbia seen during the basal state, which was more pronounced 
during both methods of CPR , may _be # in part, responsible. However, since 
baseline renal" and" "myocardial" blood "flow are comparable..". 

. . .methodologic considerations regarding microsphere blood flow 
measurements. Furthermore, the measured vital organ flows during S- CPR in 
this study are comparable to those seen in previous reports using similar 
S- CPR techniques. (4) (18) The dose of epinephrine used in these studies 
was selected following the... 

...regard are different from those of Lindner et al(35) in swine in which 
ACD- CPR was not shown to have beneficial effects on organ blood flow when 
utilized with high... 

...investigation is the assumption that the systolic phases of compression 
were similar with the two CPR techniques. In this study, a hand-held 
compressive device was utilized. Preliminary studies convinced us that this 
method of chest compression more closely modeled the clinical application 
of CPR than the mechanical "thumper." We attempted to assure equal 
systolic compression with both techniques by. . . 

...31) (36) Using constant monitoring, these parameters were kept as equal 
as possible. Both S- CPR and ACD- CPR were subjected to identical methods 
of data analysis. Given these considerations, we believe it is unlikely 
that the improvement seen in organ flows and hemodynamics with ACD- CPR in 
this study is due to differences in systolic compressive force. 

Finally, application of results of a CPR study in an animal model 
to the clinical setting is limited, primarily due to differences... 

...animals and humans. Chest dimensions are known to be important 
determinants of the effects of CPR on hemodynamics and organ 
flows. (2) (33) (37) The canine chest configuration is not ideal... 

...may yield even better hemodynamic and myocardial perfusion results. 
Certainly, any alterations in currently accepted CPR techniques must be 
supported by proven benefits in the laboratory setting. 
CONCLUSIONS 

ACD- CPR is a novel method of CPR . Based on this study, we 
conclude that ACD- CPR significantly improves vital organ perfusion and 
systemic blood pressure during CPR in a dog model of ventricular 
fibrillation. The mechanism by which ACD- CPR improves blood flow and CPR 

hemodynamics remains speculative, but it is likely due to the development 
of greater negative intrathoracic pressure during active decompression 
resulting in the active transport of greater blood volumes into the 
thoracic cavity and right side of the heart. Clinically relevant issues 
such as whether ACD- CPR leads to improved recovery of organ function or 
facilitates the return of spontaneous circulation following a period of 
CPR are currently ongoing in prehospital studies. We believe that further 
studies designed to evaluate these outcomes using this novel method of CPR 
, both in animal models and in the clinical setting, are warranted. 
ACKNOWLEDGMENTS: The authors would... 



.1960; 173: 1064-67 



(2) Becker LB, Ostrander MP, Barrett J, Kondos GT . Outcome of CPR in 
a large metropolitan area — where are the survivors? Ann Emerg Med 1991/ 
•20:355-61 ■ 

(3) Niemann JT . Cardiopulmonary resuscitation . N Engl J Med 1992; 
327:1075-80 

(4) Eisenberg MS, Hallstrom A, Bergner L...AD, Chandra N, Herskowitz 
A, Tsitlik JE, Niskanen RA, et al . Vest inflation without simultaneous 
ventilation during cardiac arrest in dogs: improved survival from 
prolonged cardiopulmonary resuscitation . Circulation 1986/ 74:1407-15 
(7) Ch andr a NC, Beyar R, Halperin HR^ Tsitlik J E, Wurm b. . .__ 

. ..R, Bialek H. Perfusion of the cerebral cortex by use of abdominal 
counterpulsation during cardiopulmonary resuscitation . Am J Emerg Med 
1984; 2:391-93 

(9) Howard M, Carrubba C, Foss F, Janiak B, Hogan B, Guinness M. 
Interposed abdominal compression- CPR : its effects on parameters of 
coronary perfusion in human subjects. Ann Emerg Med 1987; 16... 

...JP, Ung S, Criley JM. Hemodynamic effects of continuous abdominal 
binding during cardiac arrest and resuscitation . Am J Cardiol 1984 ; 
53:269-74 

(11) Bircher N, Safar P, Stewart R. A comparison of standard, 
MAST-augmented and open-chest CPR in dogs: a preliminary investigation. 
Crit Care Med 1980; 8:147-52 

(12) Lilja GP, Clinton J, Mahoney B. MAST usage in cardiopulmonary 
resuscitation . Ann Emerg Med 1984; 13:833-35 

(13) Niemann JT, Rosborough J, Hausknecht M, Brown D, Criley JM. 
Cough- CPR : documentation of systemic perfusion in man and in an 
experimental model: a 'window' to the mechanism of blood flow in external 
CPR . Crit Care Med 1980; 8:141-46 

(14) Criley JM, Blaufuss AH, Kissel GL . Cough-induced cardiac 
compression: self-administered form of cardiopulmonary resuscitation 
JAMA 1976; 236:124 6-50 

(15) Lurie KG, Lindo C, Chin J. CPR : the P stands for plumber's 
helper. JAMA 1990; 264:1661 

(16) Cohen TJ, Tucker. . . 

...RF, Dutton JP, Dwyer KA, et al. Active compression-decompression: a new 
method of cardiopulmonary resuscitation . JAMA 1992; 267: 2916-23 

(17) Cohen TJ, Tucker KJ, Redberg RF, Lurie KG, Chin MC, Dutton JP, et 
al. Active compression decompression resuscitation : a novel method of 
cardiopulmonary resuscitation . Am Heart J 1992; 124:1145-50 

(18) Michael JR, Guerci AD, Koehler RC, Shi... 

...Chandra N, et al. Mechanisms by which epinephrine augments cerebral and 
myocardial perfusion during cardiopulmonary resuscitation in dogs. 
Circulation 1984; 69:822-35 

(19) Bache RJ, Schwartz JS . Myocardial blood flow... 
...20:55-79 

(22) Luce JM, Rizk NA, Niskanen RA. Regional blood flow during 
cardiopulmonary resuscitation in dogs. Crit Care Med 1984; 12:874-78 

(23) White BC, Winegar CD, Wilson RF, Hoehner RJ, Trombley JH. 
Possible role of calcium blockers in cerebral resuscitation . Crit Care 
Med 1983; 11:202-07 

(24) Siesjo BK. Cell damage in the brain... 

...JW, et al. Sequence of mitral valve motion and transmitral blood flow 
during manual cardiopulmonary resuscitation in dogs. Circulation 1987; 
76:363-75 

(28)Maier GW, Tyson GS Jr, Olsen CO... 



...Davis JW, Conn EH, et al . The physiology of external cardiac massage: 
high-impulse cardiopulmonary resuscitation . Circulation 1984; 70:86-101 

(29) Deshmukh HG, Weil MH, Gudipati CV, Trevino RP, Bisera J, Rackow 
EC. Mechanism of blood flow generated by precordial compression durinq CPR 
. Chest 1989; 95:1092-99 

(30) Rudikoff MT, Maughan WL, Effron M, Freund P, Weisfeldt ML. 
Mechanisms of blood flow during cardiopulmonary resuscitation 
Circulation 1980; 61:345-52 

ODHalperin HR, Tsitl i k HE, Guerci _^AD,_ M ellits ED, Levin HR, Shi AY, 

et al. Determinants of blood flow to vital organs during cardiopulmonary 
resuscitation in dogs. Circulation 1986; 73:539-50 

(32) Paradis NA, Martin GB, Goetting MG, Rosenberg... 

...EP, Appleton TJ, et al. Simultaneous aortic, jugular bulb, and right 
atrial pressures during cardiopulmonary resuscitation in humans: insights 
into mechanisms . Circulation 1989; 80:361-68 

(33) Ditchey RV, Winkler JV, Rhodes CA. Relative lack of coronary 
blood flow during closed-chest resuscitation in doqs . Circulation 1982* 
66:297-302 

(34) Chang MW, Coffeen P, Lurie KG, Voss. . . 

...diastolic coronary flow velocity: the mechanism of improved myocardial 
perfusion during active compression-decompression cardiopulmonary 
resuscitation ? Circulation 1993; 88(suppl 1): 1-193 

(35) Lindner KH, Pfenninger EG, Lurie -KG, Schurmann W, Lindner IM, 
Ahnefeld RW. Effects of active compression-decompression resuscitation on 
myocardial and cerebral blood flow in pigs. Circulation 1993; 88:1254-63 

(36) Standards and guidelines for cardiopulmonary resuscitation ( 
CPR ) and emergency cardiac care (ECC) . JAMA 1986; 255: 2905-89 

(37) Shultz JJ, Coffeen P, Pineda E, Chang M, Homans DC, Ulstad VK, et 
al. Standard vs active compression decompression CPR in an acute model of 
human ventricular fibrillation. Circulation 1992; 86(suppl l):I-234 

...DESCRIPTORS: CPR (First aid 
19941000 



6/3,K/20 . (Item 5 from file: 149) 

DIALOG (R) File 149:TGG Heal th&Wellness DB(SM) 
(c) 2004 The Gale Group. All rts. reserv. 

01459961 SUPPLIER NUMBER :. 1 64 0823 9 

Multiple-sensor systems for physiologic cardiac pacing, (review article) 

Benditt, David G.; Mianulli, Marcus; Lurie, Keith ; Sakaguchi, Scott; 
Adler, Stuart 

Annals of Internal Medicine, vl21, nl2, p960(9) 

Dec 15, 

1994 

PUBLICATION FORMAT: Magazine/ Journal ISSN: 0003-4819 LANGUAGE: English 
RECORD TYPE: Abstract TARGET AUDIENCE : Professional 

. . . Lurie, Keith 
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at odds. A minute ventilation and piezoelectric activity sensor 
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19941215 



6/3,K/21 (Item 1 from file: 444) 

DIALOG (R) File 444:New England Journal of Med. 
(c) 2004 Mass. Med. Soc. All rts. reserv. 

00116987 

Copyright 1997 by the Massachusetts Medical Society 

The Critically 111 Cardiac Patient: Multisystem dysfunction and management. 
Edited by Vladimir Kvetan and David R. Dantzker. 417 pp., illustrated. 

Philadelphia , Lip pincott-Raven , 1 996 . $125 L ISBN 0-397-5 1465 -4 (Book 

Reviews) 



Lurie, Keith G. 

The New England Journal of Medicine 

Jun 26, 1997 ; 336 (26), p 1920 

LINE COUNT: 00048 WORD COUNT: 00666 



Lurie, Keith G. 
1997 ; 



TEXT 

...presentation makes a complex subject easy to comprehend. Another fine 
chapter describes the use of ventilatory support in patients with cardiac 
failure. In some ways this chapter is more theoretical than others, 
although it discusses novel methods of ventilatory support for the 
critically ill -- for example, continuous positive airway pressure for 
the treatment of heart failure in patients without sleep apnea. Similarly 
solid contributions are... 

...patients in the intensive care unit have serious cardiac arrhythmias and 
may ultimately require cardiopulmonary resuscitation , the next edition of 
this book would benefit from chapters on the recognition and management of 
common, serious cardiac arrhythmias and advances in cardiopulmonary 
resuscitation . In addition, points made in the book are no longer 
supported by the current literature... 

...teaching tool and reference for physicians who manage cardiac disease in 
the intensive care unit.l Keith G. Lurie , M . D . University of 
MinnesotaMinneapolis, MN 55455 
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A cardiopulmonary resuscitation ( CPR ) technique that combines "a 
one-way valve and a hand-held suction device can maintain... 

...reported in a previous study that patients 

treated with the CardioPump suction device alone during CPR (made 
by Danish company Ambu International) had a 5% one-year survival 
rate and 6 . . . 



. . . discharge . 

This is compared with 2% for both endpoints in 'the group treated 
with conventional CPR at the scene. However the American Heart 
Association warned that the device was not effective... 

... in 1998 . 

Adding a valve increases the efficiency of active 

compression-decompression (ACDC) , said Dr Keith Lurie , of the 
University of Minnesota Medical School. The Resus ci -Valve 
impedance threshold valve has a silicone diaphragm that decreases 
the pressure in the chest, during decompression. It fits between 
the ventilation bag and the face mask or endotracheal tube of a 
standard manual resuscitation bag. 

In a study involving 21 patients, 10 had ACDC CPR without the 
valve and 11 with it. Four patients with the vatve returned to 
spontaneous ... 
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Technique and Valve Improve CPR 

TEXT: A cardiopulmonary resuscitation ( CPR ) technique using devices 
developed at the University of Minnesota Medical School has been shown in 

The method improves upon active compression-decompression (ACD) CPR 
which is performed with a hand-held plunger-like device called the 
CardioPump. With this... 

...of the chest to the brain and other organs during compression, just as 
in standard CPR . Unlike standard CPR , the pump actively pulls the chest 
oacK to its original position during decompression. It improves... 

...study by a group that included the authors of the Circulation article 
showed that ACD CPR significantly improved long-term survival rates among 
patients who had cardiac arrest outside the hospital... 

...19, 1999, New England Journal of Medicine 

The latest study introduced a valve to ACD CPR . During CPR the 
chest works like a bellows, and the valve improves the function of the 
bellows ... ' 

...greater vacuum effect, which pulls more blood back into the heart and 
thus improves overall CPR efficacy. 

The study involved 21 patients, 10 who had ACD CPR without the 
valve, 11 with it. More patients returned to spontaneous circulation with 

...arrest had near-normal blood pressures for up to 30 minutes or until 



they were resuscitated . The mean blood pressure in the patients during 
CPR was 109/56. Normal pressure is about 120/80. 

"These results are exciting," said Dr. Keith Lurie , associate 
professor of medicine in the division of cardiology at the university and 
co-developer... 

...ability to maintain near-normal blood pressures with these new and 
simple mechanical devices during CPR , we should be able to resuscitate 
more patients who would otherwise not have a chance." 
Lurie co-wrote the article with... 



...States ever survive to hospital discharge, due. in part to the inherent 
inefficiency of standard CPR , " Lurie said. 

During standard CPR , the heart, and brain get less than 30% of normal 
blood flow. With ACD CPR plus the valve, those organs get more than 60% 
of normal flow. The group will conduct further studies to determine the 
long-term benefits of this new CPR0 technology. 

This article was prepared by Heart Disease Weekly editors from staff 
and other reports. 

SUBJECT HEADING: Cardiopulmonary Resuscitation 
2000 
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Respiratory valve apparatus used in endotracheal medical procedure , 
has channel is aligned with access port and endotracheal tube connection 
port to receive suction catheter in either first or second valve 
assembly position 

Abstract (Basic) : 

aligned with an access port and an endotracheal tube connection 
port (18) to receive a suction catheter in either a first valve 
assembly position or a second valve assembly position. A 
reciprocating valve assembly (11) reciprocates to open a 
resuscitation bag connection port (28) and close a respirator 
connection port (32). 

Used in endotracheal medical procedure . 

...or insertion of catheter from sanitary self-contained enclosure. Offers 
compact, inexpensive and simple respiratory valve . Allows 
uninterrupted respiratory switch-over to resuscitation bag to 
maintain optimal ventilation. Prevents loss of positive end 
expiratory pressure in lungs . Prevents collapse of lungs . 
Prevents contact contamination of valve . Provides spring bias in 
reciprocating valve . Can connect different resuscitation bags . 

...The figure shows the partial cross-sectional view of a respiratory 
valve assembly. . . 



.Reciprocating valve assembly (11. 



Resuscitation bag connection port (28 
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Abstract (Basic) : 

the VS. During inhalation, the VS is produces a vacuum within 



the thorax to increase blood flow back to the right heart , 
increasing cardiac output and blood circulation. 

to improve and sustain the duration of negative intrathoracic 
pressure and improve blood oxygenation and cardiopulmonary 
circulation . 
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Apparatus and methods for assisting cardiopulmonary resuscitation 
—that incorporates- a -transi t-ion— tube r which-connects-the-endotracheai-tube- 

to the ventilation bag , the ventilation valve serves to introduce air 

into the device 
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Apparatus and methods for assisting cardiopulmonary resuscitation 
that incorporates a, transition tube, which connects the endotracheal tube 
to the ventilation bag , the ventilation valve serves to introduce air 
into the device 
...Inventor: LURIE K G 

Abstract (Basic) : 

••• The device (35) for impeding airflow into a patients lungs . 

The device consists an endotracheal tube (36), which is placed into the 
patients trachea and. 

...passageway. Connected is a transition tube (38), which connects the 

endotracheal tube to the ventilation bag (28). The ventilation valve 
(26) serves to introduce air into the device. Attached or connected to 
the transition tube is an airflow responsive valve (24). The inflow 
valve is biased so that it opens when the negative intrathoracic 
pressure in the patients chest reaches a threshold amount. 

External chest compression and decompression as part of 
the cardiopulmonary resuscitation procedures . 



...Responsive valve (24... 

...Ventilation valve (26 
...Title Terms: METHOD / 
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regulator assembly that has a port for connecting to the bag 

- -Pat-en-t— As s-ignee :- NEL-L60R- PURITAN" BENNETT -TNG ~("NEtIr-N") 

Inventor: COLBURN J; GOOD R J 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 6058933 A 20000509 US 96729618 A 19961010 200035 B 

US 9855093 A 19980403 

Priority Applications (No Type Date) : US 9855093 A 19980403; US 96729618 A 

19961010 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

US 6058933 A 11 A62B-009/02 CIP of application US 96729618 

CIP of patent US 5749358 
Resuscitator bag exhaust port with C02 indicator that incorporates a 
regulator assembly that has a port for connecting to the bag 

Abstract (Basic) : 

A regulator assembly (50) has a port (52) for connecting to a 
resuscitator bag , and a port (54) for connecting to a patient. Port 
includes a tubular lumen (56), which extends into an exhaust housing 
(58) . A one-way valve (60) seals off exhaust assembly, when air is 
forced from the bag through a slit one way valve to the patient. 
The exhaust port is configured to accept a Positive End Expiratory 

Pressure ( PEEP ) valve , and therefore has a PEEP port (62) in 
addition to an exhaust port. 

A resuscitator bag exhaust port with C02 indicator... 

...One-way valve (60... 

. . . PEEP port (62 

. . . Title Terms : BAG ; 
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Residual pressure controller in piston ventilator, bellow type 

ventilator for hospitals and health care centers 
Patent Assignee: NELLCOR PURITAN BENNETT (NELL-N) 
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Residual pressure controller in piston ventilator, bellow type 

ventilator for hospitals and health care centers 

Abstract (Basic) : 

The pressure sensor (98) coupled with patient circuit (20), 
senses the pressure and positive end expiratory pressure ( PEEP 
) and produces the corresponding signal. The controller receives the 
PEEP signal, compares with the target pressure and operates the PEEP 

valve (22) to vent gas selectively from the signal duct (91). The 
PEEP is altered to achieve target pressure. 

Patient circuit for delivering gas from piston and cylinder 
assembly, has an exhalation valve (24) connected to the PEEP valve 

by signal duct. The PEEP valve transmits a pneumatic signal for 
positioning the exhalation valve . An INDEPENDENT CLAIM is also 
included for method of providing breathable gas to patient... 

...In piston ventilator and bellow type ventilator for controlling the 

residual pressure in patient's lungs during exhalation, for hospitals 
and health care centers 

...Monitors PEEP and regulates the exhalation valve to increase or 
decrease the resistance to exhalation phase of the patient's breath, 
permitting. 

. . .sinusoidal flow of breathable gas by monitoring and controlling the 

amount of oxygen. The exhalation system permits pneumatic rather than 
mechanical control of the exhalation valve . 



...The figure shows the scheme of piston ventilator system . 

... PEEP valve (22... 

...Exhalation valve (24 
...Title Terms: BELLOWS ; 
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Bag - valve resuscitator attachment, for emergency and rescue work - 

has injection and nebuliser ports extending laterally from central 
—housing,— allowing- emergency- administration -of- medications- through— 

pre-filled syringes 
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Bag - valve resuscitator attachment, for emergency and rescue work. 

. . .Abstract (Basic) : A medication introducing device is for connection 

between a bag - valve mask apparatus used for pre-hospital emergency 
respiratory assistance and the upper portion of an endo-tracheal tube 
(24) in a patient undergoing CPR whose condition requires the 
administering of medications and when an intravenous line cannot be 
established. 

...comprises a central housing (14) having an upper opening configured for 
airtight connection to the bag - valve mask apparatus, and a lower 
opening configured for airtight connection to the endo-tracheal tube... 

...lower opening so that medications can be administered to the patient 
without disconnection of the bag - valve mask apparatus and the 
concomitant interruption of CPR . 



...USE - For emergency and rescue work where cardiac pulmonary 
resuscitation ( CPR ) is required... 

. . . ADVANTAGE - Allows administration of cardiac medications without 

interruption of CPR . Compact is size, is easy to easily connected 
between bag - valve mask and endo-tracheal tube 

Title Terms: BAG ; 
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Resuscitator having directional control valve assembly - assembly 
includes housing including first cylindrical part secured to squeeze bag 
and having partial floor across it 
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Resuscitator having directional control valve assembly... 

...assembly includes housing including first cylindrical part secured to 
squeeze bag and having partial floor across it 

. . .Abstract (Basic) : In the resuscitation device a squeeze bag is 

provided which includes a check valve to ensure one-way flow into the 
bag from outside room air or through an oxygen feed/reservoir system 
as known in the prior art. Also provided is a directional control 
valve assembly communicating with the bag and comprising a housing 
including a first cylindrical part secured to the bag and having a 
partial floor across it, the floor being formed with a perpendicular 
threaded. . . 

...A tubular patient prt is joined to the domed part of the valve housing' 
and adapted to be coupled in gas flow communication to the patient. The 
patient port extending into the valve housing and including a tubular 
extension formed concentric with the valve housing and having a 
circular end seat. A unitary flexible duck-billed diaphgram valve is 
provided including a flexible outer normally flat peripheral portion 
and an inner duck-bill... 

...USE/ADVANTAGE - A PEEP valve which is integral with the 

resuscitation bag directional control valve system . It is more 
convenient, less costly and potentially more therapeutically effective 
than other devices... 

...Abstract (Equivalent): A resuscitator which comprises a flexible squeeze 
bag having a one-way inlet valve for admitting air and/or oxygen to 



the bag and a directional control valve assembly which permits air 
or oxygen to be forced under pressure to the patient, while allowing 
the patient to exhale through an outlet, wherein the directional 
control valve assembly includes an adjustable PEEP valve within a 
housing, wherein said assembly comprises a first tubular sleeve, 
associated with an exit port from said bag , which is threadably 
engaged with a second tubular sleeve associated with said housing, said 
housing. . . 

...oxygen to the patient and a second passageway for exhausting exhaled 
airTa" "one - way valve Toe at" ed~ wit hTh" sa IcT ass embly^nd - arr aligecfTo 
permit air and/or oxygen flow from said exit port through said first 
passageway, said one-way valve including a peripheral flange biased 
to close onto a seat against the patient's exhalation... 

. . .variable by screwing said first sleeve relatively to the second sleeve 

to thereby vary the PEEP correspondingly. . . 
...Title Terms: VALVE ; 
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Respirator static pressure monitoring unit - has exhalation air passage 
leading to discharge valve opening at predetermined pressure 
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has exhalation air passage leading to discharge valve opening at 
predetermined pressure 

...Abstract (Basic): is for a closed-circuit respirator, i.e. of the 

regenerative type. From the exhalation system leading from the mask 
(.1) to a cleaning canister (7) there branches off an exhalation... 

...so as to weaken the dynamic pressure dependent on respiration. This 

leads to a discharge valve (16) for the static pressure, opening when 
the latter exceeds a predetermined valve . 



...The passage can comprise a hose (13) from the exhalation system and 
connected to a bag (14) of elastic material, also a pipe (15) of 
smaller ID than the hose... 

...USE - For rescue and fire fighting work, avoiding excess pressure 
rise . 

...Title Terms: VALVE ; 
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has first valve allowing forced respiration, free exhalation and 
spontaneous breathing to take place 

...Abstract (Basic): The resuscitation appts. comprises a squeeze bag 

with a gas inlet and a gas outlet, and a specifically configured valve 

(30,32) joined to the bag over the gas outlet. The valve housing 
(18) includes a squeeze bag port (39) in flow communication with the 
gas outlet opening, a patient port (36) and. . . 

...The valve disposed in the housing includes a portion (30a) for 

directing fluid from the squeeze bag through the patient port during 
inhalation or forced respiration and through the exhalation port during 
exhalation. Another portion (30b) of the valve closes off the 
exhalation port during • inhalation or forced respiration such that fluid 
from the squeeze bag is directed to the patient... 

...USE - The resuscitator is used during medical procedures , 

...Abstract (Equivalent): A resuscitation apparatus comprising: (a) hollow 
squeeze bag means having first and second ends defining, 
respectively, first and second openings in flow communications with the 
interior thereof; (b) a first valve housing in confined flow 
communication with and joined to the squeeze bag means adjacent the 
first opening in the first end thereof, said first valve housing 
having a tubular squeeze bag port in flow communication with said 
squeeze bag means, a tubular patient port located adjacent said 
squeeze bag port and defining an annular valve seat, and an 
exhalation port having a tubular section which extends outwardly from 
the patient . . . 

...said ports being in selective flow communication with one another 
through the interior of said valve housing; (c) first diaphragm 
valve means disposed in said first valve housing adjacent to and for 
selective engagement with said annular valve seat, said first 
diaphragm valve means serving for controlling the flow of fluid to 



and from a patient and comprising (i) one-way valve portion means for 
directing fluid to pass only from said squeeze bag port through said 
patient port during inhalation, and (ii) sealing portion means 
annularly disposed about said valve seat and extending, during 
inhalation, at least partially into the annular section of the 
exhalation port beyond said valve seat, said sealing portion means 
serving for preventing fluid to pass through said exhalation port 
during inhalation and forced respiration, such that fluid from said 
squeeze bag port is directed through said first valve housing, said 
first valve means and said patient port to the patient; and (d) a 
"second valve means - in" "confiheci - flow cbmmunicatibn with and joined" ~to r ~ 
the squeeze bag means adjacent the second opening in the second end 
thereof, said second valve means serving for allowing fluid to pass 
only into said squeeze bag means. 
...Abstract (Equivalent): The device comprises a squeeze bag having a gas 
inlet and a gas outlet, and a valve joined to the bag over the gas 
outlet. The valve housing includes a squeeze bag port in flow 
communication with the gas outlet opening, a patient port and an 
exhalation . . . 

...The valve disposed in the housing includes a portion for directing 

fluid from the squeeze bag through the patient port during inhalation 
or forced respiration and through the exhalation port during 
exhalation. Another portion of the valve closes off the exhalation 
port during inhalation or forced respiration such that fluid from the 
squeeze bag is directed to the patient... 

...USE - Resuscitation apparatus for use during medical procedures . esp. 
during cardio - pulmonary resuscitation . 

( 
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. . . has bellow in bottle automatic system and hand operated 
ventilation bag for automatic and manual ventilation 

. . .Abstract (Basic) : The bellow in bottle automatic system and the 

hand-operated ventilation bag form components of a circuit which also 
has a control for frequency and breathing time... 

...switch-off delay with a multi-function switch. The switching unit, which 
comprises a switching valve with its associated hand-operated 
ventilator bag and an exhalation valve with PEEP valve is 
connected through a third converter with the bellow in bottle system 
and to a connection of an ether circuit component... 

. . .Abstract (Equivalent) : artificial respiration unit is for anaesthesia 
respiration with automatic and manual respiration. An artificial 
respiration system has a bellows and a housing for automatic 
operation and a hand respiration bag (2) for manual operation. A 
changeover circuit shifts from automatic to manual. The system (1) 
circuit has a control (3) equipped for frequency and breathing time 
relationships is provided with a changeover unit (4), consisting of a 
changeover valve (11) with the bag (2) and an exhaling valve (12) 
with a PEEP valve . The .control signal input (S) of the valve (11) 
is fed to a 1st binary DC voltage-pressure converter (5... 

...The control signal input (S) of the valve (12) is fed to a 2nd binary 
DC voltage-pressure converter (6) which is connected... 

...A further connection is made to the breathing gas connection (10) and 
the gas flow valve (22) across the system (1). The control signal 
input (S) on the output side' is connected to a 3rd... 
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...Abstract (Basic): The bellows is placed on the chest of a patient 
and includes a closed chamber which is coupled by a conduit and a 
valve to an airway inserted into the patient's airway, and by a second 

valve and a conduit to an inflatable bladder forming part of an 
abdominal restraint secured about the patient's body. As the bellows 
is compressed the first valve couples the gas being expelled from 
the bellows into . the patient's lungs . 

...The patient's intrathoracic pressure is increased due to the 
combination of the manual force applied to the patient's chest 
through the bellows and the pressure generated in the patient ' s 
lungs . When the bellows is being decompressed following the 
removal of manual force, the valve couples gas from the patient's 
lungs and from the atmosphere back to the bellows . 
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breathing by using existing equipment of ordinary breathing systems . 
This is achieved by employing a valve combination in the inspiration 
line which links a pressure/volume/time-control unit, via a three way 
junction with a breathing bag and a regulator valve and flowmeter 
respectively. . . 

. . .A valve combination which includes positive endexpiratory pressure 

valve in the inspiration line is linked via a three way junction. This 
has a breathing bag on the one hand and a regulator valve and a 
flow meter on the other. 
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...SPECIFICATION THE INVENTION 

1. Field of the Invention 

The present invention relates generally to devices and methods used 
in conjunction with external chest compression and decompression as 
a part of cardiopulmonary resuscitation procedures . In particular, the 

present invention relates to devices and metho ds f or in c rea sing 

cardiopulmonary circulation induced by chest compression and 
decompression when performing cardiopulmonary resuscitation. 

Worldwide, sudden cardiac arrest is a major cause of death and is 
the result of a variety of circumstances, including heart disease and 
significant trauma. In the event of a cardiac arrest , several 
measures have been deemed to be essential in order to improve a- patient's 

...possible to at least partially restore the patient's respiration and 
blood circulation. One common technique , developed approximately 30 
years ago, is an external chest compression technique generally 
referred to as cardiopulmonary resuscitation (CPR) . CPR techniques have 
remained largely unchanged over the past two decades. 

With traditional CPR, pressure is applied to a patient's chest in 
order to increase intrathoracic pressure. An increase in intrathoracic 

pressure induces blood movement from the region of the heart and lungs 
towards the peripheral arteries. Such pressure partially restores the 
patient's circulation. Traditional CPR is performed by actively 
compressing the chest by direct application of an external pressure to 
the chest . After active compression , the chest is allowed to expand 
by its natural elasticity which causes expansion of the patient's chest 
wall. This expansion allows some blood to enter the cardiac chambers of 
the heart. The procedure as described, however, is insufficient to 
ventilate the patient. Consequently, conventional CPR also requires 
periodic ventilation of the patient. This is commonly accomplished by 
mouth-to-mouth technique or by using positive-pressure devices, such as 
a self-inflating bag which relies on... 

. . .mask, endotracheal tube or other artificial airway. 

In order to increase cardiopulmonary circulation induced by chest 
compression , a technique referred to as active compression - 
decompression (ACD) has been developed. According to ACD techniques , 
the active compression phase of traditional CPR is enhanced by pressing 
an applicator body against the patient's chest to compress the chest 
. Such an applicator body is able to distribute and apply force 
substantially evenly over a portion of the patient's chest . More 
importantly, however, the applicator body is sealed against the patient's 

chest so that it may be lifted to actively expand the patient's chest 
during the decompression step. The resultant negative intrathoracic 
pressure induces venous blood to flow into the heart and lungs from the 
peripheral venous vasculature of the patient. 

Also of importance to the invention are ventilation sources that are 
used in connection with CPR techniques to properly ventilate the 
patient. One type of ventilation source is the AMBU bag available from 
AMBU International, Copenhagen, Denmark. The AMBU bag can also be 
used in connection with a positive end - expiratory pressure ( PEEP 
) valve , available from AMBU International, to treat some patients 
with pulmonary and cardiac diseases. However, until the present 
invention, a positive end-expiratory pressure valve in connection with 



a ventilation source has not been used with any CPR techniques . 

With both traditional CPR and ACD-CPR techniques , an increase in the 
amount of venous blood flowing into the heart and lungs from the 
peripheral venous vasculature would be desirable to increase the volume 
of oxygenated blood leaving the thorax during the subsequent 
compression phase. It would therefore be desirable to provide improved 
methods and apparatus for enhancing venous blood flow into the heart and 

lungs of a patient from the peripheral venous vasculature during both 
conventional CPR and ACD-CPR techniques . It would be particularly 

-des-i-rab-l-e-to- provide techniques. _-which_would_enhance_oxy_genat ion_a_nd 

increase the total blood return to the chest during the decompression 
step of CPR and ACD-CPR, more particularly of ACD-CPR- This can be 
accomplished according to the present invention by augmentation of both 
negative and positive intrathoracic pressure, thereby amplifying the 
total intrathoracic pressure swing. An invention for providing this 
crucial improvement is described. 

2. Description of the Background Art 

ACD-CPR techniques are described in detail in Todd J. Cohen et al . , 
Active Compression - Decompression Resuscitation: A Novel Method of 
Cardiopulmonary Resuscitation, American Heart Journal, Vol. 124, No. 5, 
pp. 1145-1150, November 1992; and Todd J. Cohen et al., Active 
Compression - Decompression : A New Method of Cardiopulmonary 
Resuscitation, The Journal of the American Medical Association, Vol. 267, 
No. 21, June 3, 1992. 

The use of a vacuum -type cup for actively compressing and 
decompressing a patient's chest during ACD- CPR is described in a 
brochure of AMBU International A/S, Copenhagen, Denmark, entitled 
Directions for Use of AMBU (R) CardioPump (TM) , published... 

..connected a tubule that extends towards the opposite end of the tube and 
into a valve housing having an air inlet bore from which passages 
extend to the tubule and to an inflatable member. The bore contains 
valve means normally closing the adjacent ends of the passages, and 
means for opening the valve to admit air under pressure to those 
passages or to release it therefrom. The valve housing also has a 
bypass connecting the two passages and closed by a check valve 
preventing escape of air from the cuff to the inflatable member in case 
the outside ... 

..SUMMARY OF THE INVENTION 

According to the invention, devices for increasing cardiopulmonary 
circulation induced by chest compression and decompression when 
performing cardiopulmonary resuscitation are provided. The devices may be 
used in connection with any generally accepted CPR methods or with 
active compression - decompression (ACD) CPR techniques . Preferably, 
the methods and devices will be used in connection with ACD-CPR. 

Cardiopulmonary circulation is increased according to the invention by 
impeding airflow into a patient's lungs during the decompression 
phase. This increases the magnitude and prolongs the duration of negative 
intrathoracic pressure during decompression of the patient's chest , 
ie. increases the duration and degree that the intrathoracic pressure 
is below or negative with respect to the pressure in the peripheral 
venous vasculature. By enhancing the amount of venous blood flow into the' 
heart and lungs , since equilibration of intrathoracic pressure during 
decompression occurs to a greater extent from enhanced venous return 
rather than rapid inflow of gases into the chest via the patient's 
airway, cardiopulmonary circulation is increased. 

According to the present invention there is provided a valving 



system for regulating airflow into a patient's lungs when performing 
cardiopulmohary resuscitation wherein the patient's chest is 
compressed and decompressed , the system comprising, a housing having 
an upstream region and a downstream region, characterised by means 
between. . . 

.flow into the downstream region when ventilating the patient. 

The inhibiting means may comprise a valve which allows airflow from 
the downstream region to the upstream region, the valve may include a 
diaphragm. _whic_h__ is clo sed when the pr essure in the do wns tre am reg ion is 

.region to open the diaphragm and to allow air to flow to the patient's 
lungs . 

Conveniently the means for allowing air into the downstream region 
comprises a manually operable valve at the downstream region which is 
manually opened to allow air to flow unimpeded into. . . 

. patient . 

The means for allowing air into the downstream region may comprise a 
pressure responsive valve at the downstream region for allowing air 
into the downstream region when the pressure in. . . 

.level in the range from -5 cm H2))0 to -60 cm H2))0. 

The system may further comprise a respiratory member connected to the 
housing at the upstream region for... 

.air exhaust opening at the upstream region for exhausting air from the 
housing, and a valve in the exhaust opening which inhibits air from 
flowing into the housing through' the exhaust opening. 

Such a system may further comprise means for preventing air from 
exiting the housing through the exhaust opening during injection of air 
from the respiratory bag, which means may be a fish mouth valve , and a 
connection member connected to the housing at the downstream region for 
connecting the. . . , 

.connection member may include an endotracheal tube, a facial mask, or a 
laryngeal mask. 

A valving system according to the invention may further comprise a 
respirator connected to the housing at the... 

.airway tube may include an endotracheal tube. 

Apparatus for assisting cardiopulmonary resuscitation may comprise a 
valving system as defined above together with an endotracheal tube of 
the type having a tube suitable. . . 

.whereby airflow is impeded to a fixed or variable degree from entering 
the patient's lungs to enhance the- extent and duration of negative 
intrathoracic pressure during decompression of the patient's chest 
to enhance venous blood flow into the heart and lungs from the 
peripheral venous vasculature when performing cardiopulmonary 
resuscitation. 

The means for inhibiting air flow. . . 

.the endotracheal tube. 

Alternatively, the means for ' inhibiting air flow may comprise a 
pressure-responsive valve within the first lumen of the tube, the 
valve being biased to open to permit the inflow of air when the 
intrathoracic pressure falls below a threshold level in the range from 0 
on H2))0 to... 



.bypassing air round the inflow impeding means. 

Apparatus for assisting cardiopulmonary resuscitation may comprise a 
valving system as defined above together with a compressible 
structure having a first opening and a second opening, a one-way valve 
for the intake of air included in or attached to the first opening, and 
means . . . 

.a preselected volume of air, means for interfacing in a permanent or 
detachable manner said compressible structure to the patient, and means 

included i n or attached t o the sec ond opening of the compressible 

structure to impede the flow of gases to the patient's lungs until a 
minimum intrathoracic pressure is exceeded, whereby a rise in 
intrathoracic pressure is slowed during decompression of the patient's 

chest and the extent and duration of negative intrathoracic pressure 
is enhanced in order to enhance venous blood flow into the heart and 
lungs from the peripheral venous vasculature when performing 
cardiopulmonary resuscitation. 

The inflow impeding means may further. . . 

.orifice disposed within or connected in series in a permanent or 
detachable manner with the compressible structure. 

Alternatively the inflow impeding means may comprise a 
pressure-responsive valve , the valve being biased to open to permit 
the inflow of air when the intrathoracic pressure falls below a 
threshold level in the range from 0 cm H2 ) ) 0 to... 

.or a laryngeal mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 

. Fig. 1 is a graph illustrating thoracic pressure changes over time 
when compressing and decompressing a patient's chest according to 
the present invention. 

Fig. 2A is a schematic view illustrating airflow through a ventilation 
circuit when compressing a patient's chest according to the present 
invention . 

Fig. 2B is a schematic view illustrating airflow through a ventilation 
circuit when decompressing a patient's chest according to the present 
invention . 

Fig. 3 is a schematic illustration of a first alternative embodiment 
of a device for impeding airflow into a patient ' s lungs according to 
the present invention. 

Fig. 4A is a schematic illustration of a second alternative embodiment 
of the device for impeding airflow into a patient's lungs according to 
the present invention. 

Fig. 4B is a schematic illustration of the device in. 

.a common inhalation/exhalation port. 

Fig. 5A is a schematic view of a one-way valve used in the device 
for impeding airflow according to the present invention. 

Fig. 5B is a schematic view of the one-way valve in Fig. 5A that is 
held open after ACD-CPR has ceased. 

Fig. 5C is a schematic view of a one-way valve that is closed until 
a threshold pressure is present in the tube according to the present 
invention. 

Fig. 6A is a schematic view of a spring biased inflow valve and a' 
spring biased expiration valve to be used in accordance with the 
present invention. 

Fig. 6B is a schematic view of Fig. 6A showing the operation of the 
valves during outflow of air. 



Fig. 6C is a schematic view of Fig. 6A showing the operation of the 
valves during inflow of air. 

Fig. 7 is a schematic view of a single valve that is spring biased 
from both sides to be used as an inflow valve and an expiration valve 
according to the present invention. 

Fig. 8 is a schematic view of a flow restricting... 
.view of an exemplary embodiment of the device for impeding airflow into 
a patient's lungs according to the present invention. 

Figs. 10A-10C are schematic views illustrating another embodiment of 
t-he-present--i-nv-ention- 



bypassing valve 

Fig. 11 is a schematic view of an exemplary valving system for 
regulating airflow into a patient's lungs according to the present 
invention. The valving system is shown with air being exhausted from 
a patient's lungs during compression of the patient's chest . 

Fig. 12 illustrates the valving system of Fig. 11 during 
decompression or resting of the patient's chest . 

Fig. 13 illustrates the valving system of Fig. -11 with a 
pressure-responsive valve being opened when the negative intrathoracic 

pressure in the patient's chest exceeds a threshold amount during 
decompression of the patient's chest . 

Fig. 14 illustrates the valving system of Fig. 11 with a diaphragm 
being opened during injection of air into the housing when ventilating 
the patient . 

Fig. 15 illustrates the valving system of Fig. 11 with a manually 
operable valve being opened to allow air into the patient's lungs 
upon return of spontaneous circulation. 

Fig. 16A is a cutaway side view of exemplary valving system 
according to the present invention. 

Fig. 16B is a top view of a deflector and a fenestrated mount of the 
valving system of Fig. 16A. 

Fig. 16C is an alternative embodiment of the valving system of 
Fig. 16A. 

Fig. 17 is a schematic view of an alternative embodiment of a valving 
system having a ball as a diaphragm. > 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

According to the present invention, methods and devices for 
increasing cardiopulmonary circulation induced by chest compression 
and decompression when performing cardiopulmonary resuscitation are 
provided. Such methods and devices may be used in connection with any 
method of CPR in which intrathoracic pressures are intentionally 
manipulated to improve cardiopulmonary circulation. For instance, the 
present invention would improve standard manual CPR, "vest" CPR, CPR with 
a newly described Hiack Oscillator ventilatory system which operates 
essentially like an iron- lung -like device, interposed abdominal 
compression - decompression CPR, and active compression - decompression 

(ACD) CPR techniques . Although the present invention may improve all 
such techniques , the following description will refer primarily to 
improvements of ACD-CPR techniques in order to simplify discussion. 
However, the claimed devices are not exclusively limited to ACD-CPR 
techniques . 

The proper performance of ACD-CPR to increase cardiopulmonary 
circulation is accomplished by actively compressing a patient's chest 

with anapplicator body. Preferably, this applicator body will be a 
suction -type device that will adhere to the patient's chest , such as 
the AMBU(R) CardioPump (TM) , available from AMBU International, 
Copenhagen, Denmark. After the compression step, the adherence of the 
applicator body to the patient's chest allows the patient's chest to 



be lifted to actively decompress the . patient ' s chest . The result of 
such active compression - decompression is to increase intrathoracic 

pressure during the compression step, and to increase the negative 
intrathoracic pressure during the decompression step thus enhancing 
the blood-oxygenation process and enhancing cardiopulmonary 
circulation. ACD-CPR techniques are described in detail in Todd J. 
Cohen et al . , Active Compression - Decompression Resuscitation: A Novel 
Method of Cardiopulmonary Resuscitation; American Heart Journal, Vol. 
124, No. 5, pp. 1145-1150, November 1992; Todd J. Cohen et al., Active 

Compression-— Decompression..:. . A_New Method o f _ Cardiopulmonary 

Resuscitation, The Journal of the American Medical Association, Vol. 267, 
No. 21, June. . . 
. .89:684-693, 1994. 

The present invention is especially useful in connection with ACD-CPR 
techniques . In particular, the invention improves ACD-CPR by providing 
methods and devices which impede airflow into a patient's lungs to 
enhance negative intrathoracic pressure during the decompression of 
the patient's chest , thus increasing the degree and duration of a 
pressure differential between the thorax (including the heart and 
lungs ) and the peripheral venous vasculature. .Enhancing negative 
intrathoracic pressure with simultaneous impedance of movement of gases 
into the airway thus enhances venous blood flow into the heart and lungs 
and increases cardiopulmonary circulation. 

In a broad sense, the present invention provides for occluding a 
patient's airway to prevent foreign (outside) air from flowing to a 
patient's lungs during the active decompression step of ACD-CPR to 
enhance and sustain the duration of negative intrathoracic pressure and 
enhance blood oxygenation and cardiopulmonary circulation during both 
active decompression and the subsequent compression phase. The 
patient's airway may be occluded or inflow of gases impeded by any... 

..of the present invention provides for allowing impeded air to flow into 
the patient's lungs during the active decompression step of ACD-CPR 
in order to provide some ventilation to the patient while still enhancing 
the extent and duration of negative intrathoracic pressure to enhance 
blood oxygenation. Impeding airflow to the patient's lungs may be 
accomplished by any flow restrictive element such as an orifice, a 
one-way valve , a spring biased or other valve which is set to open 
when the negative intrathoracic pressure is in the range from about 0 
cm H2))0 to -100 cm H2))0, or the like. A valve designed to open at a 
threshold pressure value may be either fixed or variable, i.e., the 
pressure at which the valve opens may be adjusted or may be permanently 
fixed. 

Similarly, another aspect of the invention provides for air to be 
impeded from leaving the patient's lungs during compression of the 
patient's chest to further enhance cardiopulmonary circulation by 
enhancing intrathoracic pressure during the compression phase. 
Typically, air is impeded from leaving the lungs during the 
compression phase when the positive intrathoracic pressure is in the 
range from about 2 cm H2))0 to 50 cm H2 . . . 

..during ACD-CPR. Ventilation of the patient is performed at about every 
two to 10 compressions , preferably every five compressions , thus 
providing sufficient fresh air for adequate gas exchange with the blood 
in the lungs to the patient. Ventilating the patient may be 
accomplished by any device or method suitable such as by mouth-to-mouth 
resuscitation, by a compressible or collapsible structure, by a 
ventilatory bag such as the AMBU bag available from AMBU, Copenhagen, 
Denmark, or the like. Ventilation could also be superimposed on the 



compression phase to further augment positive intrathoracic pressure. 
Furthermore, periodic ventilation could be performed either through the 
impeding step or by bypassing the impeding step altogether. 

Referring now to Fig. 1, a graph illustrating thoracic pressure 
changes over time when compressing and decompressing the patient's 
chest is shown. Area 10 represents the' amount of thoracic pressure 
during the compression phase of ACD-CPR. Cross-hatched area 12 
represents the negative thoracic pressure during the decompression 
step of ACD-CPR without a flow restrictive means to restrict the flow of 

ai-r— into-t-he-pa-t-ient^s — lungs Double-cross~hatched_ar.ea_..J4._rep_ms^ents_ 

the increase in negative thoracic pressure when the patient's airway is 
occluded according to the present invention during the decompression 
step of ACD-CPR. The significance of the increase in negative 
intrathoracic pressure during the decompression step is that more 
venous blood is forced into the chest from the peripheral venous 
vasculature . Consequently, more blood is allowed to be oxygenated and 
more blood is forced out of the chest during the next compression . 

In an exemplary embodiment,- airflow may be impeded to the patient's 
lungs during decompression of the patient's chest by placing a 
ventilatory mask over the patient's mouth and nose. The ventilatory mask 
also has a pressure-responsive valve attached to prevent airflow to the 
patient's lungs until the negative intrathoracic pressure of the 
patient reaches a threshold amount. Also attached to the mask and the 
pressure-responsive valve is a ventilatory source to provide 
ventilation to the patient. The ventilatory source may be... 

..is needed, the AMBU bag may be squeezed to force air into the patient's 
lungs . The AMBU bag is described in U. ...an AMBU bag, is used in 
connection with an improved endotracheal tube. A pressure-responsive 
valve or other flow restrictive element is placed between the AMBU bag 
and the endotracheal tube. Preferably, the valve will be positioned 
within a tube that connects the AMBU bag to the endotracheal tube... 

. .performed on the patient, the endotracheal tube is placed in the 
patient's trachea. During decompression of the patient's chest , the 
valve prevents airflow to the patient's lungs until the intrathoracic 

pressure reaches a threshold amount. Additionally, the AMBU bag may be 
used to ventilate the patient at a desired time. Also included in this 
embodiment is a one-way expiration valve . This valve allows for 
expiration of air from the patient during the compression step. 

In a modification of either of the first two embodiments, a 
pressure-responsive expiration valve may also be inserted between the 
AMBU bag (or comparable ventilation source) and the mask or endotracheal 
tube. This valve works in a similar manner to the pressure-responsive 
valve which restricts airflow into the patient's lungs . However, the 
pressure-responsive expiration valve restricts airflow from the 
patient's lungs during the compression step of ACD-CPR. An equivalent 

valve is a positive endO - expiratory pressure { PEEP ) valve 
available from AMBU International, Copenhagen, Denmark. Use of such a 
pressure-responsive expiration valve during compression may further 
increase intrathoracic pressure and thereby force more blood out of the 
thorax . 

In another alternative embodiment, an improved endotracheal tube is 
used to restrict airflow into the patient's lungs during the active 
decompression step. Included in the .endotracheal tube is a flow 
restrictive element which operates to impede air from flowing into the 
patient's lungs . When the endotracheal tube is inserted into the 
patient's trachea and the patient's chest is actively decompressed , 
the flow restrictive element impedes air from flowing to the patient's 



lungs slowing the rise in intrathoracic pressure and thus enhancing 
blood oxygenation. 

When using the improved endotracheal tube during ACD-CPR-. . . 
.the endotracheal tube to force oxygen through the endotracheal tube and 
into the patient's lungs . 

Referring now to Fig. 2A, a schematic view illustrating airflow through 
a ventilation circuit 20 when compressing a patient's chest according 
to the present invention is shown. During ACD-CPR, the chest is 
actively compressed forcing air out of the lungs . This air is allowed 

to ex p ire throug h a one -way exp iratio n valve 22 withi n a ve nti l ation 

circuit 20. 

Referring now to Fig. 2B, the same schematic is shown illustrating 
airflow through the ventilation circuit 20 when decompressing the 
patient's chest . When the patient's chest is actively decompressed , 
a negative intrathoracic pressure is created. When this pressure 
reaches a threshold amount, the inflow valve 24 will open causing air 
to flow through the ventilation circuit 20 into the patient's lungs . 
Air is allowed into the ventilation circuit 20 through a ventilation 
valve 26 and into a ventilation bag 28. From the ventilation bag 28, the 
air passes through the inflow valve 24 when the negative intrathoracic 

pressure reaches the threshold amount. The ventilation bag 28 is also 
used to manually ventilate the patient during ACD-CPR as required. 

The method as discussed in connection with Figs. 2A and 2B requires 
the chest to be compressed in the range from about 3.5 cm to 5 cm per 

compression and at a rate from about 60 to 100 compressions per 
minute for adults. 

Referring now to Fig. 3, a schematic illustration of a first 
alternative embodiment of a device 35 for impeding airflow into a 
patient's lungs according to the present invention is shown. The device 
35 comprises an endotracheal tube 36... 

.can comprise any type of ventilation source capable of ventilating the 
patient such as a compressible or collapsible structure. Preferably, 
the ventilation bag 28 consists of an AMBU bag. Attached or connected to 
the end of the ventilation bag 28 is a one-way ventilation valve 26. 
The ventilation valve 26 serves to introduce air into the device 35. 
Attached or connected to the transition tube 38 is an inflow 
pressure-responsive valve 24 . The inflow valve 24 is biased so that 
it opens when the negative intrathoracic pressure in the patient's 
chest reaches a threshold amount. As shown, only one inflow valve 24 
is included in the device 35. However, the invention is not limited to 
only one inflow valve 24. Alternatively, a plurality of inflow valves 
24 could be connected in series along the ventilation tube 38 . The inflow 

valve 24 is also not limited to being connected in the center of the 
transition tube 38, but may be positioned anywhere along the transition 
tube 38. The inflow valve 24 could be permanently attached to the 
ventilation bag 28 or transition tube 38 or could be detachable. 
Alternatively, the inflow ' valve . 24 could be connected to the 
ventilation bag 28 itself or to the endotracheal tube 36. 

The device 35 also contains a one-way expiration valve 22 which 
allows for air to be expired from the patient's lungs . This generally 
occurs during the compression phase of ACD-CPR. To insure that the air 
expired from the patient's lungs will exit through the expiration 
valve 22, a one-way fish mouth valve 37 (the preferred valve ) or any 
other type of one-way valve can be placed between the inflow valve 24 
and the expiration valve 22. Alternatively, the inflow valve 24 
itself may be configured as a one-way valve . In either case, air 
flowing from the endotracheal tube 36 toward the ventilation bag 28 will 
be forced to expire through the expiration valve 22. 



The device 35 may be further modified to include a pressure-responsive 
expiration valve (not shown) located between the endotracheal tube 36 
and the transition tube 38. The pressure-responsive expiration valve 
works in a reverse manner to that of the inflow valve 24. Specifically, 
the pressure-responsive expiration valve is biased so that during the 
compression step of ACD-CPR, air will be allowed to expire from the 
patient's lungs only when the intrathoracic pressure reaches a 
threshold amount. The increase in intrathoracic pressure caused by the 
pressure-responsive expiration valve during compression may assist in 
f orcing -more-blood-out— of— t-he — thorax - and -r-educe_at elect asi s_ _of_ _the__ 
lungs . 

The purpose of the' ventilation bag 28 is to provide ventilation to 
the patient during ACD- CPR . When the ventilation bag 28 comprises an 
AMBU bag or similar bag used for ventilation, ventilation of the 
patient may be performed by merely squeezing the AMBU bag with a human 
hand. This forces air to the patient's lungs as desired. 

Referring to Fig. 4A, a second alternative embodiment of the device for 
impeding airflow into a patient's lungs according to the present 
invention is shown. This particular embodiment is a modified and improved 



.inflow lumen 42. Located within outflow lumen 40 is a one-way 
pressure-responsive expiration valve 44 which operates in a manner 
similar to that discussed in connection with Fig. 3, except that the 
expiration valve 44 is specifically designed as a one-way valve . 
Located within inflow lumen 42 is a one-way pressure-responsive inflow 
valve 45 which operates to impede airflow to the lungs as discussed in 
connection with Fig. 3, except that the inflow valve 45 is also 
specifically designed as a one-way valve . Also shown in inflow lumen 42 
and outflow lumen 40 is an O-ring 4 6 which will be discussed 
subsequently. Inflow valve 45 and expiration valve 44 are designed as 
one-way valves so that during the compression phase, air can only be 
expired from the patient through the endotracheal tube 36 when the 
intrathoracic pressure reaches a threshold amount. At that moment, 
expiration valve 44 opens and air expires from the patient through the 
outflow lumen 40. During decompression , air cannot flow through the 
endotracheal tube 36 to the patient's lungs until the negative 
intrathoracic pressure reaches a threshold amount. At that moment, 
inflow valve 4 5 opens allowing air to flow through inflow lumen 42 to 
the patient's lungs . Air is prevented from entering through the outflow 
lumen 40 because of the one-way expiration valve 44. 

Ventilation is possible with the embodiment disclosed in Figs. 4A and 
4B if the. . . 

..through the inflow lumen 42, through the endotracheal tube 36, and to 
the patient's lungs .In this embodiment, expiration valve 44 is 
designed so that during ventilation, expiration valve 44 will remain 
temporarily closed preventing air flowing through inflow lumen 42 escape 
through outflow lumen 40. 

Fig. 5A is a schematic view of a one-way inflow valve 4 5 used in a 
device for impeding airflow according to the present invention. The 
inflow valve 45 operates so as to allow air only to flow in one 
direction. As shown, the spring biased inflow valve 45 is completely 
open. However, the invention also functions properly if the spring biased 
inflow valve 4 5 or the spring biased expiration valve 4 4 are not 
fully open. Upon successful completion of ACD-CPR, the O-ring 46 that is 
positioned above the inflow valve 45 is repositioned so that inflow 
valve 4 5 is held open as shown in Fig. 5B. Such a positioning of O-ring 



.airflow to the patient once there is a return of spontaneous circulation 
and the inflow valve 45 is no longer needed. An O-ring 4 6 is also used 
in a similar manner to lock the one-way expiration valve 4 4 in an open 
position upon return of spontaneous circulation. Fig. 5C illustrates the 
one-way inflow valve 45 in a closed position. When closed, the inflow 
of air through the inflow valve 45 is occluded. 

Fig. 6A illustrates an inflow valve 47 that is spring biased and an 
expiration valve 48 that is also spring biased. The inflow valve 47 

and the expiration valve 4_8_are_ connected in series an d ma y be used in __ 

the first alternative embodiment as... 

.discussed following in connection with Fig. 9 . As shown in Fig. 6C, 
during the active decompression step, the inflow valve 47 is biased 
such that it will open when the negative intrathoracic pressure reaches 
a threshold amount. During the compression phase of ACD-GPR the 
expiration valve 4 8 will open to allow air to expire from the patient's 

lungs when the intrathoracic pressure within the patient f s chest 
reaches a threshold amount as shown in Fig. 6B. Since neither inflow 
valve 47- nor expiration valve 48 are one-way valves , a fish mouth 
valve 37 used in connection with a one-way expiration valve 22 as 
discussed in connection with Fig. 3 must be used. Other valves designed 
upon a similar principle as the fish mouth valve combination with a 
one-way expiration valveO could also be used. Only one inflow valve 24 
and one positive end pressure valve 4 4 are shown' in Figs. 6A-6C. 
However, a plurality of inflow valves 47 and/or expiration valves 48 
may be connected in a permanent or detachable manner in series to impede 
the inflow and outflow of air. 

Although the valves in Figs. 6A-6C are shown as being spring-biased, 
any other valves designed upon a similar principle would work equally 
as well. The use of such valves as disclosed in Figs. 6A-6C is only one 
embodiment and valves constructed according to various other methods 
and materials is also within the scope of the invention. 

As shown inFig. 7, the inflow valve 47 and the expiration valve 48 
may be combined into one joint valve 4 9 as shown. The joint valve 4 9 
will operate in a manner similar to the two valves 47 and 48 as 
described in connection with Fig. 6. 

Fig. 8 illustrates a flow. . . 
.to be used to either impede the airflow into or out of a patient's 
lungs . The flow restricting orifice 50 operates so that during the 
decompression step of ACD-CPR airflow is impeded from entering into the 
patient's lungs , thus increasing the negative intrathoracic pressure. 
During the compression step, the flow restricting orifice 50 operates 
to increase the thoracic pressure in the patient's chest by 
restricting air from existing from the patient's lungs . 

Fig. 9 illustrates an exemplary embodiment for impeding airflow into a 
patient's lungs according to the present invention. As shown, the 
device 51 comprises a ventilation bag 28 that is connected to a facial 
mask 52 by an inflow valve 24 and an expiration valve 22. Although 
the facial mask 52 is shown connected to the ventilation bag 28, the... 

.52 can be used alone or in connection with the ventilation bag. Between 
the inflow valve 24 and the expiration valve 22 is a one-way fish 
mouth valve 37 or any other type of one-way valve to. prevent air from 
exiting the patient's lungs and flowing to the ventilation bag 28. The 
ventilation bag 28 also contains a one-way ventilation valve 26 for 
allowing air to inflow into the device 51. The exemplary embodiment 
operates in . . . 



.plastic material and may or may not be attached to the device 51. 

During the decompression phase of ACD-CPR, air is prevented from 
entering into the patient's lungs through the threshold inflow valve 
24 thus increasing the negative intrathoracic pressure. During the 
compression phase, air is allowed to expire from the patient's lungs 
through the expiration valve 22. Also, the patient can be ventilated 
during ACD- CPR by manually squeezing the ventilation bag 28. 
Consequently, the preferred embodiment serves to enhance cardiopulmonary 

circulation by increasing the negative intrathoracic pressure to 
f orce-more-b-lood— i-nto-the — chest — f rom - t-he-pe-r-ip he ra-1— venous— vasculature- 

Figs. 10A - IOC show another embodiment of the present invention... 

.that is connected to the patient. The ventilation tube 60 has a one-way 
bypass valve 66 and a one-way pressure responsive valve 68. The 
ventilation tube 60 may also have a manual switch 70 attached to the 
bypass valve 66 and extending through a side of the ventilation tube 
60. As shown in Fig... 

.70 may be set in a closed position so that the one-way pressure 
responsive valve 68 opens when the threshold pressure of the valve 68 
has been exceeded. At this point, the valve 68 opens allowing for 
ventilation of the patient. As shown in Fig. 10B, the one-way pressure 
responsive valve 68 may be bypassed altogether by manually placing the 
switch 70 in the open position so that the bypass valve 66 is opened 
allowing air to flow to the patient. Fig. 10C illustrates the operation 
of the bypass valve 66 with the switch 70 in an inactive mode. Here, 
the rescuer performing ventilation may do so without added resistance 
from the impedance step as in Fig. 10A. Instead, bypass valve 66 opens 
only when the pressure at the proximal end of the tube 62 is... 

.pressure (0 nmHg) , preferably in a range from about 0 mmHg to 5 mmHg. 
During decompression of the patient's chest , the one-way bypass 
valve 66 remains closed unless atmospheric pressure is exceeded. Thus, 
the patient is ventilated only when. . . 

..of the tube 62 to exceed atmospheric pressure. The function of the 
one-way bypass valve 66 may be performed by many different threshold 
valve designs which are known in the art . 

In another aspect of the invention, an exemplary valving system is 
provided for enhancing the duration and extent of negative 
intrathoracic pressure during the decompression phase of CPR while 
still providing adequate ventilation to the patient. The valving 
system is employed to slow the rapid equilibrium of intrathoracic 
pressure in the chest during decompression by impeding or inhibiting 
the flow of air into the patient's chest . Lowering of the 
intrathoracic pressure in this manner provides a greater coronary 
perfusion pressure and hence forces more venous blood into the thorax . 
The valving system can be employed in a variety of CPR methods 
where intrathoracic pressures are intentionally manipulated to 
improve cardiopulmonary circulation, including "vest" CPR, CPR 
incorporating a Heimlich ventilatory system , intraposed abdominal 
compression - decompression CPR, standard manual CPR, and the like, and 
will find its greatest use with ACD-CPR. 

Referring to Figs. 11-15, an exemplary embodiment of a valving 
system 100 is shown schematically. The valving system 100 includes a 
housing 101 having an upstream region 102 and a downstream region 104... 

. .greater than atmospheric, is developed in the upstream region 102 when 



ventilating the patient. The valving system 100 further includes a 
valve 108 having a plug 110. As described in greater detail hereinafter, 
the valve 108 is included to provide ventilation to the patient when 
opened. The valve 108 can be manually opened by axial translation or it 
can be automatically opened when... 

.air is exhausted from the housing 101 through the air exhaust opening 
114. An accordion valve 116, fishmouth valve , or the like is provided 
between the air intake opening 112 and the air exhaust opening 114. As 

.described, in greater detail hereinafter, the accordion valve 116 is 

used to prevent air that is injected into the air intake opening 112... 

.provided in the downstream region 104 for preventing excess body fluids 
from entering into the system 100. 

Operation of the valving system 100 during compression of a 
patient's chest is illustrated in Fig. 11. As the patient's chest is 
compressed , air is forced from the patient's lungs and into the 
downstream region 104. The air forced into the downstream region 104 is 

..preferably at about 2 cm H2))0 to 4 cm H2))0. 

Operation of the valving system 100 during decompression (or 
resting) of the patient's chest is illustrated in Fig. 12. As the 
patient's chest is actively lifted (or allowed to expand on its own), 
air is drawn from the downstream region 104 and into the patient's lungs 
, thereby reducing the pressure in the downstream region 104 . The 
resulting pressure differential between the... 

..downstream region 104. In this way, air is inhibited from flowing into 
the patient's lungs during decompression of the patient's chest , 
thereby lowering the intrathoracic pressure to increase the coronary 
perfusion pressure and to force more venous blood into the thorax . 

Various ways of providing ventilation to the patient using the valving 
system 100 are described in Figs. 13-15. Fig. 13 illustrates airflow 
into the downstream region 104 and to the patient's lungs during 
decompression of the patient's chest after a threshold amount of 
negative intrathoracic pressure has been reached. Ventilation in this 
manner is advantageous in that the valving system 100 can be employed 
to produce at least a threshold amount of intrathoracic pressure to 
enhance blood flow into the heart and lungs . Once such a pressure is 
reached, some air is allowed to flow to the patient's lungs to 
ventilate the patient. 

Air is allowed to enter the downstream region 104 when the threshold 
amount of intrathoracic pressure is reached by configuring the valve 
108 to be a threshold valve . The valve 108 can be configured in a 
variety of ways, with a primary function being that the ■ valve 108 
allows air to flow into the downstream region 104 when a threshold amount 
of intrathoracic pressure is reached. This is preferably accomplished 
by configuring the plug 110 to be flexible... 

..lower pressure upstream region 102 into the downstream region 104 and to 
the patient's lungs . The plug 110 therefore acts as a one-way valve 
allowing air to flow from the upstream region 102 into the downstream 
region 104 when... 40 cm H2))0, and more preferably at about 30 cm H2))0. 
Alternatively, the valve 108 can be placed in the downstream region 104 
so that air flows into the downstream region 104 directly from the 
atmosphere when the valve 108 is open. 

Ventilating the patient by injecting air into the upstream region 102 
is . . . 



.14. As air is injected through the intake opening 112, it passes into 
the accordion valve 116 and forces the valve 116 against a wall 120 
and covers a hole 122 in the wall 120 to prevent airflow through the 
exhaust opening 114. When the accordion valve 116 is closed, air flows 
through a wall 124 of the valve 116 and into the upstream region 102. 
Alternatively, a fishmouth valve can be used in place of the accordion 
valve 116. Upon injection of the air into the upstream region 102, the 
pressure within the... 

.created allowing air to flow into the downstream region 104 and into the 
patient's lungs . Preferably, the patient will be manually ventilated by 
injecting air into the intake opening 112 about every three to seven 
compressions of the chest , and more preferably about every five 
compressions of the chest . 

Configuration of the valving system 100 upon return of spontaneous 
circulation is illustrated in Fig. 15. When the patient's circulation is 
restored, the valve 108 is manually opened by translating the valve 
108 to remove the plug 110 from aperture 126. The upstream region 102 and 
downstream. . . 

.each of the regions 102, 104. Although shown extending through the 
upstream region 102, the valve 108 can alternatively be placed anywhere 
along the downstream region 104. 

The valve 108 can be configured as a pressure-responsive valve (see 
Fig. 13), as a manually operable valve (see Fig. 15), or both. Further, 
the valving system 100 can alternatively be provided with two or more 

valves that are similar to the valve 108. For example, one valve 
could be non-translatably held in the housing 101 and provided with a 
pressure-responsive plug 110, with the other valve being translatably 
mounted. In this manner, the valve with the flexible plug functions as 
a pressure-responsive valve and opens when the threshold pressure is 
reached, while the translatable valve functions to place the regions 
102, 104 in communication upon manual operation after spontaneous 
circulation is achieved. 

Referring to Figs. 16A and 16B, an exemplary embodiment of a valving 
system 130 will be described. The valving system 130 is constructed 
of a housing 132 having an intake opening 134, an exhaust opening... 

..and a delivery opening 138. Included in the exhaust opening 136 is a 
one-way valve which allows air to flow from the housing 132 and out the 
exhaust opening 136. An accordion valve 140 is provided between the 
intake opening 134 and an exhaust opening 136 to prevent... 

. .AMBU bag), a ventilator, a mouthpiece or port for mouth-to-mouth 
breathing through the system 130, or the like. The delivery opening 138 
is preferably configured for connection to an... 

..downstream region 144, with the diaphragm 148 resting on the cylinder 
during ambient conditions. During decompression of the patient's chest 
, the reduction in pressure in the downstream region 144 draws the 
diaphragm 148 against the... 

..to prevent exchange of air between the upstream- region 142 and 
downstream region 14 4. During compression of the patient's chest , air 
is forced into the downstream region 144 to force the diaphragm 148 into 
the ambient pressure region 14 6 so that the air exhausted from the 
patient's chest can be exhausted through the exhaust opening 136. 

As shown best in Fig. 16B, the valving system 130 is further 
provided with a fenestrated mount 150. In one aspect, the fenestrated 



mount . 



..a filter 159 can be provided to prevent excess body fluids from entering 
into the system 130. 

The valving system 130 further includes a threshold valve 160 at 
the downstream region 144. When the pressure within the downstream region 
144 is less than the threshold amount, the threshold valve 160 is 
opened to allow air to flow into the downstream region 144. The threshold 
valve 160 includes a spring 162 which is configured to extend when the 

_t hr e s ho 1 d_ amount... is_ reached^ Alternatively, the threshold val ve 160 can 
be configured similar to the valve 110. Other configurations which 
allow the air to enter the downstream region 144 when the desired 
intrathoracic pressure is reached or exceeded can also be provided. For 
example, in a further alternative, the diaphragm 148 can be constructed 
to function as a threshold valve to allow air to flow into the 
patient's lungs when a threshold amount of intrathoracic pressure is 
reached. The diaphragm 148 can be fashioned as a threshold valve by 
constructing the diaphragm 148 of an elastomeric material and by 
providing at least one. . . 

..positioned beyond the periphery of the cylinder and in the upstream 
region 142. As a vacuum is created in the downstream region 144, the 
diaphragm is drawn into the downstream region. . . 

..the threshold pressure is reached in the downstream region 144. Another 
alternative of a threshold valve 111 is illustrated in Fig. 16C. The 
valve 111 is pivot mounted within the downstream region 14 4 and is 
biased closed by a... 

. .When the threshold pressure within the downstream region 144 is reached, 
the spring 113 is compressed and air is drawn into the downstream 
region 14 4 . 

Referring back to Fig. 16A, the threshold valve 160 can optionally be 
provided within the housing 132 at the upstream region 142. The threshold 

valve 160 can further optionally be provided with an on/off switch for 
opening the valve 160 when spontaneous circulation is achieved. In this 
manner, a rescuer can open the valve 160 to allow for free exchange of 
air to the patient's lungs when needed. In one alternative as shown in 
Fig. 16C, the mount 150 can be... 

..or close the diaphragm 148. If the diaphragm 148 were also fashioned as 
a threshold valve as previously described, the need for the valves 
108 or 111 could be eliminated. 

The housing 132 can conveniently be constructed in several... 

..158 for removably connecting the portion of the housing having the 
intake opening 134, the valve 140, and the exhaust opening 136. 
Alternatively, a connection point can be provided near the mount 150 to 
provide easy access to the mount 150 for cleaning. 

The valving system 130 can conveniently be incorporated with a 
variety of devices useful in CPR procedures . For example, the valving 

system 130 can be incorporated within a respiratory bag, such as an 
AMBU bag. Alternatively, the valving system 130 can be included as 
part of a respiratory circuit having both a respiratory bag and an 
endotracheal tube or other airway tube, with the valving system 130 
positioned between the .bag and the tube. In a further alternative, the 
valving system 130 can be added, to an endotracheal tube alone. 
Alternatively, the valving system can be incorporated into a mask, an 
oralpharyngeal airway, a laryngeal mask or other ventilatory devices. 
Referring to Fig. 17, an alternative valving system 164 will be 



described. The valving system 164 is shown schematically and operates 
essentially identically to the valving system 100, the difference 
being that the valving system 164 includes a ball or spherical member 
166 as the diaphragm. During decompression of the patient's chest , 
the pressure in a downstream region 168 is less than the pressure in an 
upstream region 170 which draws the ball 166 over the downstream region 
168. The valving system 164 can optionally be provided with a spring 
or other biasing mechanism to hold the ball 166 over the downstream 
region 168 during compression of the patient's chest until a 
threshold - pressure-i-s-reached-or-exceeded -in-the-downs-tream._r.egion_l_68_ _as — 
previously. . . 

. CLAIMS Bl 

1. A valving system (100) for regulating airflow into a patient's 

lungs when performing cardiopulmonary resuscitation wherein the 
patient's chest is compressed and decompressed , the system 
comprising : 

a housing (101) having an upstream region (102) and a downstream region 
(104) , characterised. . . 

.allowing air to flow into the downstream region (104) when ventilating 
the patient. 

2. The system of claim 1, wherein the inhibiting means comprises a 

valve which allows airflow from the downstream region (104) to the 
upstream region (102), wherein the valve includes a diaphragm (106) 
which is closed when the pressure in the downstream region (104) is 
less than or equal to the pressure in the upstream region (102) . 

3. The system of claim 2, wherein the diaphragm is a flexible membrane 

(106) or a ball (166. . . 

.118) to open the diaphragm and to allow air to flow to the patient's 
lungs . 

4. The system of claim 3, wherein the means for allowing air into the 

downstream region (104) comprises a manually operable valve (108) 
at the downstream region (104) which is manually opened to allow air 
to flow. 

..into the downstream region (104) upon return of spontaneous breathing by 
the patient. 

5. The system of claim 1, wherein the means for allowing air into the 

downstream region (104) comprises a pressure responsive valve (110) 
at the downstream region (104) for allowing air into the downstream 
region (104 ) when. . . 

..in the range from -5 cm H2))0 to -60 cm H2))0. 

6. The system of claim 1, further comprising a respiratory member 

connected to the housing at the upstream. . . 

..the upstream region (102) for exhausting air from the housing (101), and 
further comprising a valve (44) in the exhaust opening which 
inhibits air from flowing into the housing (101) through the exhaust 
opening ( 114 ) . 

7. The system of claim 6, further comprising means (116) for preventing 

air from exiting the housing (101... 
..28), wherein the means for preventing air from exiting the housing is a 
fish mouth valve , and further comprising a connection member 
connected to the housing at the downstream region for. . . 

..includes an endotracheal tube (36), a facial mask (52), or a laryngeal 
mask . 



8. A valving system as claimed in claim 1 and further comprising: 
a respirator (28) connected to the housing... 

.101) at the downstream region (104) for insertion into the patient's 
airway . 

9. The system of claim 8, wherein the respirator includes a respiratory 

bag (28) or a ventilation port... 

.airway tube includes an endotracheal tube (36). 

10. Apparatus for assisting cardi o pulmona ry resuscit ation co m prising a 

valving system as claimed in claim 1 together with an endotracheal 
tube (36) of the type having... 

.whereby airflow is impeded to a fixed or variable degree from entering 
the patient's lungs to enhance the extent and duration of negative 
intrathoracic pressure during decompression of the patient's 
chest to enhance venous blood flow into the heart and lungs from 
the peripheral venous vasculature when performing cardiopulmonary 
resuscitation . 

11. The apparatus of claim 10... 

.apparatus of claim 10 wherein the means for inhibiting air flow 

comprises a pressure-responsive valve (110) within the first lumen 
of the tube (36), wherein the valve (110) is biased to open to 
permit the inflow of air when the intrathoracic pressure falls 
below a threshold level in the range from 0 cm H2))0 to... 

.bypassing air round the inflow impeding means. 

13. Apparatus for assisting cardiopulmonary resuscitation comprising a 
valving system as claimed in claim 1 together with a compressible 

structure (28) having a first opening and a second opening, a 
one-way valve (26) for the intake of air included in or attached to 
the first ...volume of air; 

means (36,52) for interfacing in a permanent or detachable manner said 
compressible structure to the patient; and 

means (22) included in or attached to the second opening of the 

compressible structure to impede the flow of gases to the patient's 
lungs until a minimum intrathoracic pressure is exceeded, whereby 
a rise in intrathoracic pressure is slowed during decompression 
of the patient's chest and the extent and duration of negative 
intrathoracic pressure is enhanced in order to enhance venous blood 
flow into the heart and lungs from the peripheral venous 
vasculature when performing cardiopulmonary resuscitation. 

14. The apparatus of claim 13... 

..50) disposed within or connected in series in a permanent or detachable 
manner with the lcompressible structure. 

15. The apparatus of claim 13, wherein the inflow impeding means 
comprises a pressure-responsive valve (110), wherein the valve 
(110) is biased to open to permit the inflow of air when the 
intrathoracic pressure falls below a threshold level in the range 
from 0 cm H2) )0 to. . . 

. .CLAIMS Bl 
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. . .SPECIFICATION Bl 

The present invention relates generally to devices used in conjunctio 
with external chest compression and decompression as a part of 



cardiopulmonary resuscitation procedures . In particular, the present 
invention relates to devices for increasing cardiopulmonary circulation 
induced by chest compression and decompression when performing 
cardiopulmonary resuscitation. 

Worldwide, sudden cardiac arrest is a major cause of death and is 
the result of a variety of circumstances, including heart disease and 
significant trauma. In the event of a cardiac arrest , several 
measures have been deemed to be essential in order to improve a patient's 



...possible to at least partially restore the patient's respiration and 
blood circulation. One common technique , developed approximately 30 
years ago, is an external chest compression technique generally 
referred to as cardiopulmonary resuscitation (CPR) . CPR techniques have 
remained largely unchanged over the past two decades. 

With traditional CPR, pressure is applied to a patient's chest in 
order to increase intrathoracic pressure. 

An increase in intrathoracic pressure induces blood movement from the 
region of the heart and lungs towards the peripheral arteries. Such 
pressure partially restores the patient's circulation. Traditional CPR is 
performed by actively compressing the chest by direct application of 
an external pressure to the chest . After active compression , the 
chest is allowed to expand by its natural elasticity which causes 
expansion of the patient's chest wall. This expansion allows some blood 
to enter the cardiac chambers of the heart. The procedure as described, 
however, is insufficient to ventilate the patient. Consequently, 
conventional CPR also requires periodic ventilation of the patient. This 
is commonly accomplished by mouth-to-mouth technique or by using 
positive-pressure devices, such as a self-inflating bag which relies on 

...mask, endotracheal tube or other artificial airway. 

In order to increase cardiopulmonary circulation induced by chest 
compression , a technique referred to as active compression - 
decompression (ACD) has been developed. According to ACD techniques , 
the active compression phase of traditional CPR is enhanced by pressing 
an applicator body against the patient's chest to compress the chest 
. Such an applicator body is able to distribute and apply force 
substantially evenly over a portion of the patient's chest . More 
importantly, however, the applicator body is sealed against the patient's 

chest so that it may be lifted to actively expand the patient's chest 
during the decompression step. The resultant negative intrathoracic 
pressure induces venous blood to flow into the heart and lungs from the 
peripheral venous vasculature of the patient. 

Also of importance to the invention are ventilation sources that are 
used in connection with CPR techniques to properly ventilate the 
patient. One type of ventilation source is the AMBU bag available from 
AMBU International, Copenhagen, Denmark. The AMBU bag can also be 
used in connection with a positive end - expiratory pressure ( PEEP 
) valve , available from AMBU International, to treat some patients 
with pulmonary and cardiac diseases. However, until the present 
invention, a positive end-expiratory pressure valve in connection with 
a ventilation source has not been used with any CPR techniques . 

With both traditional CPR and ACD-CPR techniques , an increase in the 
amount of venous blood flowing into the heart and lungs from the 
peripheral venous vasculature would be desirable to increase the volume 
of oxygenated blood leaving the thorax during the subsequent 
compression phase. It would therefore be desirable to provide improved 
apparatus for enhancing venous blood flow into the heart and lungs of a 



patient from the peripheral venous vasculature during both conventional 
CPR and ACD-CPR techniques . It would be particularly desirable to 
provide apparatus which would enhance oxygenation and increase the total 
blood return to the chest during the decompression step of CPR and 
ACD-CPR, more particularly of ACD-CPR . This can be accomplished according 
to the present invention by augmentation of both negative and positive 
intrathoracic pressure, thereby amplifying the total intrathoracic 
pressure swing. An invention for providing this crucial improvement is 
described . 

ACD-CPR techniques are des crib ed in de tail in To dd J. Cohen et al . , 

Active Compression - Decompression Resuscitation: A Novel Method of 
Cardiopulmonary Resuscitation, American Heart Journal, Vol. 124, No. 5, 
pp. 1145-1150, November 1992; Todd J. Cohen et al., Active Compression - 
Decompression : A New Method of Cardiopulmonary Resuscitation, The 
Journal of the American Medical Association, Vol. 267, No. 21, June... 

..and J. Schultz, P. Coffeen, et al., Circulation, in press, 1994. 
The use of a vacuum -type cup for actively compressing and 
decompressing a patient's chest during ACD- CPR is described in a 
brochure of AMBU International A/S, Copenhagen, Denmark, entitled 
Directions for Use of AMBU (R) CardioPump (TM) , published... 

..773. 

DE 24 53 490A discloses a ventilation device for connecting a patient 
to a lung ventilator, but is not intended to impede the airflow to the 
patient at any stage in its operation. US-A-5,050, 593 discloses the use 
of one-way valves in a triggering mechanism for a respirator. 

According to the invention, devices for increasing cardiopulmonary 
circulation induced by chest compression and decompression when 
performing cardiopulmonary resuscitation are provided/ The devices may be 
used in connection with any generally accepted CPR methods or with 
active compression - decompression (ACD) CPR techniques . Preferably, 
the devices will be used in connection with ACD-CPR. 

Cardiopulmonary circulation is increased according to the invention by 
impeding air flow into a patient's lungs during the decompression 
phase. This increases the magnitude and prolongs the duration of negative 

intrathoracic pressure during decompression of the patient' s chest 
, i.e., increases the duration and degree that the intrathoracic 
pressure is below or negative with respect to the pressure in the 
peripheral venous vasculature. By enhancing the amount of venous blood 
flow into the heart and lungs , since equilibration of intrathoracic 
pressure during decompression occurs to a greater extend from enhanced 
venous return rather than rapid inflow of gases into the chest via 
the patient's airway, cardiopulmonary circulation is increased. 

A specific embodiment further provides means for impeding air from 
leaving the lungs during compression of the patient's chest to 
further enhance cardiopulmonary circulation by enhancing positive 
intrathoracic pressure during the compression phase. 

When performing cardiopulmonary resuscitation to enhance circulation 
according to the invention, an operator compresses a patient's chest 
to force blood out of the patient's thorax . The patient's chest is 
then decompressed to induce venous blood to flow into the heart and 
lungs from the peripheral venous vasculature either by actively lifting 
the chest (via ACD-CPR) or by permitting the chest to expand due to 
its own elasticity (via conventional CPR) . During the decompression 
step, air flow is impeded from entering into the patient's lungs which 
enhances negative intrathoracic pressure and increases the time during 
which the thorax is at a lower pressure than the peripheral venous 
vasculature. Thus, venous blood flow into the heart and lungs from the 



peripheral venous vasculature is enhanced. This is because the 
intrathoracic pressure equilibrium during decompression occurs as a 
result of enhanced venous return rather than from inflow of air via 
the trachea. In a particular embodiment, compression and decompression 

of the patient's chest may be accomplished by pressing an applicator 
body against the patient's chest to compress the chest , and lifting 
the applicator to actively expand the patient's chest . 

An apparatus for enhancing cardiopulmonary circulation comprises an 
improved endotracheal tube having a flow restrictive element for impeding 

a _i_ r _f_l_ ow _f_ r _ om _t-he-pat-ient -'-S — lungs- -during — chest decompression _.__T_he 

invention may provide a compressible structure having the flow 
restrictive element included in or attached to an opening of the . 
compressible structure to impede the flow of gases to the patient's 
lungs . Also, a connector is provided for interfacing the compressible 
structure to the patient, preferably by attaching a facial mask or 
endotracheal tube to the... 

..portions of the specification and drawings. 
In the drawings: 

Fig. 1 is a graph illustrating thoracic pressure changes over time 
when compressing and decompressing a patient's chest according to 
the present invention. 

Fig. 2A is a schematic view illustrating air flow through a 
ventilation circuit when compressing a patient's chest according to 
the present invention. 

Fig. 2B is a schematic view illustrating air flow through a 
ventilation circuit when decompressing a patient's chest according to 
the present invention. 

Fig. 3 is a schematic illustration of a first alternative embodiment 
of a device for impeding air flow into a patient's lungs according to 
the present invention. 

Fig. 4A is a schematic illustration of a second alternative embodiment 
of the device for impeding air flow into a patient's lungs according to 
the present invention. 

Fig. 4B is a schematic illustration of the device in... 

..a common inhalation/exhalation port. 

Fig. 5A is a schematic view of a one-way valve used in the device 
for impeding air flow according to the present invention. 

Fig. 5B is a schematic view of the one-way valve in Fig. 5A that is 
held open after ACD-CPR has ceased. 

Fig. 5C is a schematic view of a one-way valve that is closed until 
a threshold pressure is present in the tube according to the present 
invention . 

Fig. 6A is a schematic view of a spring biased inflow valve and a 
spring biased expiration valve to be used in accordance with the 
present invention. 

Fig. 6B is a schematic view of Fig. 6A showing the operation of the 
valves during outflow of air. 

Fig. 6C is a schematic view of Fig. 6A showing the operation of the 
valves during inflow of air. 

Fig. 7 is a schematic view of a single valve that is spring biased 
from both sides to be used as an inflow valve and an expiration valve 
according to the present invention. 

Fig. 8 is a schematic view of an exemplary embodiment of the device 
for impeding air flow into a patient's lungs according to the present 
invention . 

Figs. 9A-9C are schematic views illustrating another embodiment of the 
present invention allowing for periodic patient ventilation through a 
bypassing valve . 



According to the present invention, devices for increasing 
cardiopulmonary circulation induced by chest compression and 
decompression when performing cardiopulmonary resuscitation are 
provided. Such devices may be used in connection with any method of CPR 
in which intrathoracic pressures are intentionally manipulated to 
improve cardiopulmonary circulation. For instance, the present invention 
would improve standard manual CPR, "vest" CPR, CPR with a newly described 
Hiack Oscillator ventilatory system which operates essentially like an 
iron- lung -like device, interposed abdominal compression - 

decompression— -CPR,- -and-active compression, ^decompression (ACQ) CPR 

techniques . Although the present invention may improve all such 
techniques , the following description will refer primarily to 
improvements of ACD-CPR techniques in order to simplify discussion. 
However, the claimed devices are not exclusively limited to ACD-CPR 
techniques . 

The proper performance of ACD-CPR to increase cardiopulmonary 
circulation is accomplished by actively compressing a patient's chest 
with an applicator body. Preferably, this applicator body will be a 
suction -type device that will adhere to the patient's chest , such as 
the AMBU(R) CardioPump (TM) , available from AMBU International, 
Copenhagen, Denmark. After the compression step, the adherence of the 
applicator body to the patient's chest allows the patient's chest to 
be lifted to actively decompress the patient's chest . The result of 
such active compression - decompression is to increase intrathoracic 
pressure during the compression step, and to increase the negative 
intrathoracic pressure during the decompression step thus enhancing 
the blood-oxygenation process and enhancing cardiopulmonary 
circulation. ACD-CPR techniques are described in detail in Todd J. 
Cohen et al . , Active Compression - Decompression Resuscitation: A Novel 
Method of Cardiopulmonary Resuscitation, American Heart Journal, Vol. 
124, No. 5, pp. 1145-1150, November 1992; Todd J. Cohen et al., Active 
Compression - Decompression : A New Method of Cardiopulmonary 
Resuscitation, The Journal of the American Medical Association, Vol. 267, 
No. 21, June. . . 

..Circulation, in press, 1994. 

The present invention is especially useful in connection with ACD-CPR 
techniques . In particular, the invention improves ACD-CPR by providing 
devices which impede air flow into a patient's lungs to enhance 
negative intrathoracic pressure during the decompression of the 
patient's chest , thus increasing the degree and duration of a pressure 
differential between the thorax (including the heart and lungs ) and 
the peripheral venous vasculature. Enhancing negative intrathoracic 
pressure with simultaneous impedance of movement of gases into the airway 
thus enhances venous blood flow into the heart and lungs and increases 
cardiopulmonary circulation. 

In a broad sense, the present invention allows for occluding a 
patient's airway to prevent foreign (outside) air from flowing to a 
patient's lungs during the active decompression step of ACD-CPR to 
enhance and sustain the duration of negative intrathoracic pressure and 
enhance blood oxygenation and cardiopulmonary circulation during both 
active decompression and the subsequent compression phase. The ' 
.patient's airway may be occluded or inflow of gases impeded by any... 

..of the present invention allows for allowing impeded air to flow into 
the patient's lungs during the active decompression step of ACD-CPR 
in order to provide some ventilation to the patient while still enhancing 
the extent and duration of negative intrathoracic pressure to enhance 
blood oxygenation. Impeding air flow to the patient's lungs may be 



accomplished by any flow restrictive element such as an orifice, a spring 
biased or other valve which is set to open when the negative 
intrathoracic pressure is in the range from about 0 mmHg to about -7 4 
mmHg (about 0 cm H2))0 to -100 cm H2))0), a one-way valve , or the like. 
A valve designed to open at a threshold pressure value may be either 
fixed or variable, i.e., the pressure at which the valve opens may be 
adjusted or may be permanently fixed. 

Similarly, another aspect of the invention allows for air to be impeded 
from leaving the patient's lungs during compression of the patient's 
-chest- -t-o— further— enhanee-ca-rdi-opu-lmonar-y--cir.culation_b.y_enhanc.ing_._ 
intrathoracic pressure during the compression phase. Typically, air is 
impeded from leaving the lungs during the compression phase when the 
positive intrathoracic pressure is in the range from about 3.7 mmHg to 
about 37 mmHg (about. . . 

.during ACD-CPR. Ventilation of the patient is performed at about every 
two to 10 compressions , preferably every five compressions , thus 
providing sufficient fresh air for adequate gas exchange with the blood 
in the lungs to the patient. Ventilating the patient may be 
accomplished by any device or method suitable such as by mouth-to-mouth 
resuscitation, by a compressible or collapsible structure, by a 
ventilatory bag such as the AMBU bag available from AMBU, Copenhagen, 
Denmark, or the like. Ventilation could also be superimposed on the 
compression phase to further augment positive intrathoracic pressure. 
Furthermore, periodic ventilation could be performed either through the 
impeding step or by bypassing the impeding step altogether. 

Referring now to Fig. 1, a graph illustrating thoracic pressure 
changes over time when compressing and decompressing the patient's 
chest is shown. Area 10 represents the amount of thoracic pressure 
during the compression phase of ACD-CPR. Cross-hatched area 12 
represents the negative thoracic pressure during the decompression 
step of ACD-CPR without a flow restrictive means to restrict the flow of 
air into the patient's lungs . Double cross-hatched area 14 represents 
the increase in negative thoracic pressure when the patient's airway is 
occluded according to the present invention during the decompression 
step of ACD-CPR. The significance of the increase in negative 
intrathoracic pressure during the decompression step is that more 
venous blood is forced into the chest from the peripheral venous 
vasculature. Consequently, more blood is allowed to be oxygenated and 
more blood is forced out of the chest during the next compression . 

Air flow may be impeded to the patient's lungs during decompression 
of the patient's chest by placing a ventilatory mask over the patient's 
mouth and nose. The ventilatory mask also has a pressure-responsive 
valve attached to prevent air flow to the patient's lungs until the 
negative intrathoracic pressure of the patient reaches a threshold 
amount. Also attached to the mask and the pressure-responsive valve is 
a ventilatory source to provide ventilation to the patient. The 
ventilatory source may be... 

..is needed, the AMBU bag may be squeezed to force air into the patient's 
lungs . The AMBU bag is described in U.S. -A- 5,163,424. 
In an alternative... 

..an AMBU bag, is used in connection with an improved endotracheal tube. A 
pressure-responsive valve or other flow restrictive element is placed 
between the AMBU bag and the endotracheal tube. Preferably, the valve 
will be positioned within a tube that connects the AMBU bag to 
performed on the patient, the endotracheal tube is placed in the 
patient's trachea. During decompression of the patient's chest , the 



valve prevents air flow to the patient's lungs until the 
intrathoracic pressure reaches a threshold amount. 

Additionally, the AMBU bag may be used to ventilate the patient at a 
desired time. Also included in this embodiment is a one-way expiration 
valve . This valve allows for expiration of air from the patient during 
the compression step. 

In a modification of either of the first two embodiments, an 
pressure-responsive expiration valve may also be inserted between the 
AMRH b^g (or comparable ventilation source) and the mask or endotrache al 
tube. This valve works in a similar manner to the pressure-responsive 
valve which restricts air flow into the patient's lungs . However, the 
pressure-responsive expiration - valve restricts air flow from the 
patient's lungs during the compression step of ACD-CPR. An equivalent 

valve is a positive end - expiratory pressure ( PEEP ) valve 
available from AMBU International, Copenhagen, Denmark. Use of such an 
pressure-responsive expiration valve during compression may further 
increase intrathoracic" pressure and thereby force more blood out of the 

thorax . 

In another alternative embodiment, an improved endotracheal tube is 
used to restrict air flow into the patient's lungs during the active 
decompression step. Included in the endotracheal tube is a flow 
restrictive element which operates to impede air from flowing into the 
patient's lungs . When the endotracheal tube is inserted into the 
patient's trachea and the patient's chest is actively decompressed , 
the flow restrictive element impedes air from flowing to the patient's 
lungs slowing the rise in intrathoracic pressure and thus enhancing 
blood oxygenation. 

When using the improved endotracheal tube during ACD-CPR. . . 
..the endotracheal tube to force oxygen through the endotracheal tube and 
into the patient's lungs . 

Referring now to Fig. 2A, a schematic view illustrating air flow 
through a ventilation circuit 20 when compressing a patient's chest 
according to the present invention is shown. During ACD-CPR, the chest 
is actively compressed forcing air out of the lungs . This air is 
allowed to expire through a one-way expiration valve 22 within a 
ventilation circuit 20. 

Referring now to Fig. 2B, the same schematic is shown illustrating air 
flow through the ventilation circuit 20 when decompressing the 
patient's chest . When the patient's chest is actively decompressed , 
a negative intrathoracic pressure is created. When this pressure 
reaches a threshold amount, the inflow valve 24 will open causing air 
to flow through the ventilation circuit 20 into the patient's lungs . 
Air is allowed into the ventilation circuit 20 through a ventilation 
valve 26 and into a ventilation bag 28. From the ventilation bag 28, the 
air passes through the inflow valve 24 when the negative intrathoracic 

pressure reaches the threshold amount. The ventilation bag 28 is also 
used to manually ventilate the patient during ACD-CPR as required. 

The method as discussed in connection with Figs. 2A and 2B requires 
the chest to be compressed in the range from about 3.5 cm to 5 cm per 

compression and at a rate from about 60 to 100 compressions per 
minute for adults. 

Referring now to Fig. 3, a schematic illustration of a first 
alternative embodiment of a device 35 for impeding air flow into a 
patient's lungs according to the present invention is shown. The device 
35 comprises an endotracheal tube 36... 

..can comprise any type of ventilation source capable of ventilating the 
patient such as a compressible or collapsible structure. Preferably, 



the ventilation bag 28 consists of an AMBU bag. Attached or connected to 
the end of the ventilation bag 28 is a one-way ventilation valve 26. 
The ventilation valve 26 serves to introduce air into the device 35. 
Attached or connected to the transition tube 38 is an inflow 
pressure-responsive valve 24. The inflow valve 24 is biased so that 
it opens when the negative intrathoracic pressure in the patient's 
chest reaches a threshold amount. As shown, only one inflow valve 24 
is included in the device 35. However, the invention is not limited to 
only one inflow valve 24. Alternatively, a plurality of inflow valves 
2 4— could-be— connect ed-in_series._along_the_v_en.tila.tion. _t ub_e_3 8_._T he i n f 1 o_w_ 

valve 24 is also not limited to being connected in the center of the 
transition tube 38, but may be positioned anywhere along the transition 
tube 38. The inflow valve 24 could be permanently attached to the 
ventilation bag 28 or transition tube 38 or could be detachable. 
Alternatively, the inflow valve 24 could be connected to the 
ventilation bag 28 itself or to the endotracheal tube 36. 

The device 35 also contains a one-way expiration valve 22 which 
allows for air to be expired from the patient's lungs . This generally 
occurs during the compression phase of ACD-CPR. To insure that the air 
expired from the patient's lungs will exit through the expiration 
valve 22, a one-way fish mouth valve 37 (the preferred valve ) or any 
other type of one-way valve can be placed between the inflow valve 24 
and the expiration valve 22. Alternatively, the inflow valve 24 
itself may be configured as a one-way valve . In either case, air 
flowing from the endotracheal tube 36 toward the ventilation bag 28 will 
be forced to expire through the expiration valve 22. 

The device 35 may be further modified to include a pressure-responsive 
expiration valve (not shown) located between the endotracheal tube 36 
and the transition tube 38. The pressure-responsive expiration valve 
works in a reverse manner to that of the inflow valve 24. Specifically, 
the pressure-responsive expiration valve is biased so that during the 
compression step of ACD-CPR, air will be allowed to expire from the 
patient's lungs only when the intrathoracic pressure reaches a 
threshold amount. The increase in intrathoracic pressure caused by the 
pressure-responsive expiration valve during compression may assist in 
forcing more blood out of the thorax and reduce atelectasis of the 
lungs . 

The purpose of the ventilation bag 28 is to provide . ventilation to. 
the patient during ACD- CPR . When the ventilation bag 28 comprises an 
AMBU " bag or similar bag used for ventilation, ventilation of the 
patient may be performed by merely squeezing the AMBU bag with a human 
hand. This forces air to the patient's lungs as desired. 

Referring to Fig. 4 A, a second alternative embodiment of the device for 
impeding air flow into a patient's lungs according to the present 
invention is shown. This particular embodiment is a modified and improved 

..inflow lumen 42. Located within outflow lumen 40 is a one-way 
pressure-responsive expiration valve 44 which operates in a manner 
similar to that discussed in connection with Fig. 3, except that the 
expiration valve 44 is specifically designed as a one-way valve . 
Located within inflow lumen 42 is a one-way pressure-responsive inflow 
valve 45 which operates to impede air flow to the lungs as discussed 
in connection with Fig. 3, except that the inflow valve 45 is also 
specifically designed as a one-way valve . Also shown in inflow lumen 42 
and outflow lumen 40 is an 0-ring 46 which will be discussed 
subsequently. Inflow valve 45 and expiration valve 44 are designed as 
one-way valves so that during the compression phase, air can only be 
expired from the patient through the endotracheal tube 36 when the 



intrathoracic pressure reaches a threshold amount. At that moment, 
expiration valve 4 4 opens and air expires from the patient through the 
outflow lumen 40. During decompression , air cannot flow through the 
endotracheal tube 36 to the patient's lungs until the negative 
intrathoracic pressure reaches a threshold amount. At that moment, 
inflow valve 45 opens allowing air to flow through inflow lumen 42 to 
the patient's lungs . Air is prevented from entering through the outflow 
lumen 40 because of the one-way expiration valve 44. 

Ventilation is possible with the embodiment disclosed in Figs. 4A and 
4-B-i-f-the-— 

.through the inflow lumen 42, through the endotracheal tube 36, and to 
the patient's lungs . In this embodiment, expiration valve 4 4 is 
designed so that during ventilation, expiration valve 44 will remain 
temporarily closed preventing air flowing through inflow lumen 42 escape 
through outflow lumen 40. 

Fig. 5A is a schematic view of a one-way inflow valve 45 used in. a 
device for impeding air flow according to the present invention. The 
inflow valve 45 operates so as to allow air only to flow in one 
direction. As shown, the spring biased inflow valve 45 is completely 
open. However, the invention also functions properly if the spring biased 
inflow valve 4 5 or the spring biased expiration valve 4 4 are not 
fully open. Upon successful completion of ACD-CPR, the 0-ring 46 that is 
positioned above the inflow valve 45 is repositioned so that inflow ^ 
valve 4 5 is held open as shown in Fig. 5B. Such a positioning of O-ring 



.flow to the patient once there is a return of spontaneous circulation 
and the inflow valve 45 is no longer needed. An 0-ring 46 is also used 
in a similar manner to lock the one-way expiration valve 44 in an open 
position upon return of spontaneous circulation. Fig. 5C illustrates the 
one-way inflow valve 45 in a closed position. When closed, the inflow 
of air through the inflow valve 45 is occluded. 

Fig. 6A illustrates an inflow valve 47 that is spring biased and an 
expiration valve 48 that is also spring biased. The inflow valve 47 
and the expiration valve 48 are connected in series and may be used in 
the first alternative embodiment as... 

.discussed following in connection with Fig. 8. As shown in Fig. 6C, 
during the active decompression step, the inflow valve 4 7 is biased 
such that it will open when the negative intrathoracic pressure reaches 
a threshold amount. During the compression phase of ACD-CPR the 
expiration valve 48 will open to allow air to expire from the patient's 

lungs when the intrathoracic pressure within the patient's chest 
reaches a threshold amount as shown in Fig. 6B. Since neither inflow 
valve 4 7 nor expiration valve 4 8 are one-way valves , a fish mouth 
valve 37 used in connection with a one-way expiration valve 22 as 
discussed in connection with Fig. 3 must be used. Other valves designed 
upon a similar principle as the fish mouth valve combination with a 
one-way expiration valve could also be used. Only one inflow valve 24 
and one positive end pressure valve 44 are shown in Figs. 6A-6C. 
However, a plurality of inflow valves 47 and/or expiration valves 48 
may be connected in a permanent or detachable manner in series to impede 
the inflow and outflow of air. 

Although the valves in Figs. 6A-6C are shown as being spring-biased, 
any other valves designed upon a similar principle would work equally 
as well. The use of such valves as 'disclosed in Figs. 6A-6C is only one 
embodiment and valves constructed according to various other methods 
and materials is also within the scope of the invention. 



As shown in Fig. 7, the inflow valve 47 and the expiration valve 4 8 
may be combined into one joint valve 4 9 as shown. The joint valve 4 9 
will operate in a manner similar to the two valves 47 and 4 8 as 
described in connection with Fig. 6. 

Fig. 8 illustrates an exemplary embodiment for impeding air flow into a 
patient's lungs according to the present invention. As shown, the 
device 51 comprises a ventilation bag 28 that is connected to a facial 
mask 52 by an inflow valve 24 and an expiration valve 22. Although 
the facial mask 52 is shown connected to the ventilation bag 28, the... 



.52 can be used alone or in connection with the ventilation bag. Between 
the inflow valve 24 and the expiration valve 22 is a one-way fish 
mouth valve 37 or any other type of one-way valve to prevent air from 
exiting the patient's lungs and flowing to the ventilation bag 28. The 
ventilation bag 28 also contains a one-way ventilation valve 26 for 
allowing air to inflow into the device 51. The exemplary embodiment 
operates in . . . 

.plastic material and may or may not be attached to the device 51. 

During the decompression phase of ACD-CPR, air is prevented from 
entering into the patient's lungs through the threshold inflow valve 
24 thus increasing the negative intrathoracic pressure. During the 
compression phase, air is allowed to expire from the patient's lungs 
through the expiration valve 22. Also, the patient can be ventilated 
during ACD- CPR by manually squeezing the ventilation bag 28. 
Consequently, the preferred embodiment serves to enhance cardiopulmonary 

circulation by increasing the negative intrathoracic pressure to 
force more blood into the chest from the peripheral venous vasculature. 

Figs. 9A - 9C show another embodiment of the present invention... 

.that is connected to the patient. The ventilation tube 60 has a one-way 
bypass valve 66 and a one-way pressure responsive valve 68. The 
ventilation tube 60 may also have a manual switch. 70 attached to the 
bypass valve 66 and extending through a side of the ventilation tube 
60. As shown in Fig... 

.70 may be set in a closed position so that the one-way pressure 
responsive valve 68 opens when the threshold pressure of the valve 68 
has been exceeded. At this point, the valve 68 opens allowing for 
ventilation of the patient. As shown in Fig. 10B, the one-way pressure 
responsive valve 68 may be bypassed altogether by manually placing the 
switch 70 in the open position so that the bypass valve 66 is opened 
allowing air to flow to the patient. Fig. 10C illustrates the operation 
of the bypass valve 66 with the switch 70 in an inactive mode. Here, 
the rescuer performing ventilation may do so without added resistance 
from the impedance step as in Fig. 10A. Instead, bypass valve 66 opens 
only when the pressure at the proximal end of the tube 62 is... 

.pressure (0 mmHg) , preferably in a range from about 0 mmHg to 5 mmHg . 
During decompression of the patient's chest , the one-way bypass 
valve 66 remains closed unless atmospheric pressure is exceeded. Thus, 
the patient is ventilated only when. . . 

.of the tube 62 to exceed atmospheric pressure. The function of the 
one-way bypass valve 66 may be performed by many different threshold 
valve designs which are known in the art. 

Although the foregoing invention has been described in... 



. CLAIMS means (24) is exceeded., 



whereby when performing cardiopulmonary resuscitation the extent 
and duration . of negative intrathoracic pressure during the 
decompression of the patient's chest is enhanced in order to 
enhance venous blood flow into the heart and lungs from the 
peripheral venous vasculature. 

2. The apparatus of claim 1, wherein the impeding means (24) further 

comprises a pressure-responsive valve , wherein the lvalve is 
biased to open to permit the inflow of air when the intrathoracic 
pressure falls below a threshold level in the range from 0 mm Hg to 
"about . ~ 

. to 100 cm H2) )0) . 

3. The apparatus of claim 2, wherein the pressure-responsive valve is 

in a lumen of an endotracheal tube. 

4. The apparatus of any one of... 
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Method for supplying fresh gas during manual ventilation and a ventilator 
system for carrying out the method 
INTERNATIONAL PATENT CLASS: A61M-016/00 ... 

. . . A61M-016/08 

. . .ABSTRACT Al 

The invention relates to a method for supplying fresh gas in manual 
ventilation of a patient and a ventilator system (2) for carrying out 
the method , the supply of fresh gas to a breathing bag (8) being 
regulated. During inspiration, the... 
...senses when the patient exhales, and an identical flow of gas is fed to 
the system via an inspiratory valve (26), said flow of fresh gas 
streaming into the breathing bag (8) and preventing expired gas from 
.entering the breathing bag (8) . An expiratory valve simultaneously 
opens to conduct expired gas out of the system . (see image in original 
document ) 

SPECIFICATION This invention relates to a method for supplying fresh gas, 
for use with a ventilator system -for manual ventilation of a patient in 
which a breathing bag is squeezed to impose an inspiration on the 
patient. 

The invention also relates to a ventilator system for carrying out 
the method . 

Ventilator systems are used for facilitating, supporting or imposing 



inspiration and expiration on a patient. Manual ventilation... 

...the breathing bag is connected to the patient's airways without any 
intermediate pressure exchange system , the physician is able to feel 
the response of the lungs to the action of the breathing bag. In other 
words, the physician can be said to communicate directly with the lungs 
. This is essential, particularly in anesthesia where the anesthetist 
wishes to control the entire respiratory process himself /herself . 

In US-A-3, 794 , 027 is described a manual ventilation system for 
anesthesia. The system comprises a breathing bag which the physician 
squeezes to push air through a patient tube... 

...feel the way the patient is breathing. The bag must be periodically 
detached from the system , emptied and refilled with fresh gas to 
replace the gas , re-breathed a plurality of times by the patient. In the 
patient tube there are also two check valves , near the patient, which 
control the direction of gas flow to and from the patient... 

...an adverse effect on surgical staff. 

The object of the invention is to achieve a method which avoids the 
above-described disadvantages and in which the patient does not 
re-breathe . . . 

...own expired gas, with no loss of the physician's ability to communicate 
with the lungs . 

Another object of the invention is to achieve a ventilator system for 
carrying out the method and which facilitates control of gas flow in 
the patient tube, making check valves and gas absorbers unnecessary. 

One such method is achieved in accordance with the invention in that 
fresh gas is fed into the. . . 
...of expired gas, and gas expired by the patient is conducted out of the 
ventilator system . 

By replacing the gas inspired by the patient from the breathing bag 
with fresh gas . . . 

...compared to the situation when the patient expires directly into the 
breathing bag. This filling method works equally well when the patient 
breathes spontaneously. 

A refinement of the method is achieved in accordance with a preferred 
embodiment of the invention in that a parameter. . . 

...Expired gas is prevented from entering the breathing bag and forced out 
of the ventilator system . The slightest change in expiratory flow from 
the patient affects the parameter measured, and control... 

...the physician, i.e. it will feel to the physician as if the patient's 
lungs were communicating directly with the breathing bag, even though 
expired gas is conducted out of the ventilator system . Since expired 
gas is not re-breathed, no carbon dioxide filter is needed, and control 

...of gas flow is achieved by control of the flow of fresh gas, making 

check valves unnecessary for controlling the direction of the gas flow. 

In this context, it is an... bag has refilled and is again ready for the 
inspiration phase. 

A refinement of the method is obtained in accordance with the 
invention in that an additional parameter is measured for. . . 

...control of the flow of fresh gas and/or starting a functional check on 



the method , an alarm being generated and/or an alternative ventilation 
mode started if at least one... 

.regulating the supply of fresh gas. The safety feature obtained through 
functional control of the method means that if a fault occurs in e.g. 
measurement of the control parameter so. . . 

.completely, an alarm is generated drawing the staff's attention to the 
fault. Alternately, the system could be automatically switched to some 
other method , involving the monitoring of some other control parameter, 
or some ~ other ve ntTIation mode, eT g7~ mechanical ~~ ve n t iTa tfi 6 n ~ ~ 

A ventilator system for carrying out the method is achieved by in 
accordance with the invention when the ventilator system as defined in 
claim 5 . 

It is an advantage if the ventilator system is designed so the 
ventilator unit comprises a controllable inspiratory valve connected to 
one end of the patient tube, a controllable expiratory valve connected 
to the other end of the patient tube and a control device connected to 
the parameter detector and to the valves for the purpose of controlling 
the valves according to the parameter. 

In principle, it is sufficient for carrying out the method if the 
inspiratory valve passes a continuous flow and the ventilator system 
is controlled by regulation of the expiratory valve . The ventilator 
unit can be devised so the control device constitutes an integral part of 

.further comprises a second detector for sensing gas flow or gas pressure 
at the inspiratory valve and a third detector for sensing gas flow or 
gas pressure at the expiratory valve , whereby the control device 
controls the valves according to the gas flows and/or gas pressures 
measured by the detectors. Measurement of flows, or pressures at the 
valves , makes it possible to control these valves more exact. 

A refinement of the ventilator system is achieved in accordance with 
the invention in that the detectors sense gas flow, and. . . 

.the gas volumes passing the respective detector during expiration, 
whereby the control device controls the valves so the determined gas 
volumes are essentially identical. 

This ensures that the expired volume of . . . 

.measurement of the gas flows also makes possible rapid detection of 
minor leaks in the system . 

In this context, it is an advantage if the control device continuously 
zeroes the first... 

.with a long time constant, lasting up to several minutes. 

A refinement of the ventilator system is achieved in accordance with 
the invention in that the control device controls the valves so a 
passing flow of fresh gas flows through the patient tube during 
expiration . 

Passing . . . 

. flushes out any expired gas left in the patient tube between the 
breathing bag and lungs , i.e. dead space is reduced throughout the 
entire system . 

Here, it is an advantage if the ventilator system is devised so the 
control device controlls the valves so the flow of gas at the 
inspiratory valve is less than the flow of gas at the expiratory valve 

and a first pressure detector measures pressure in the breathing bag, 
whereby the control device regulates the inspiratory valve , when 



pressure in the breathing bag drops below a first defined pressure, so a 
flow. . . 

. .the breathing bag is' fed into the patient tube. 

This would thereby gradually regulate the system towards increasingly 
lower pressure until a filling pressure is achieved. This regulatory 
procedure prevents the build-up of pressure in the system . Pressure in 
the breathing bag can be measured directly by a manometer in the 
breathing ... 

. the - pat r ent - tube" ~~ 

Alternately, it may be advantageous in certain instances to devise the 
ventilator system so the control device controls the valves so the 
flow of gas at the inspiratory valve is greater than the flow of gas at 
the expiratory valve and a second pressure detector measures pressure 
in the patient tube, whereby the control device regulates the expiratory 
valve , when pressure in the patient tube exceeds a second defined 
pressure, causing pressure to drop. 

This would thereby gradually regulate the system towards a definable 
maximum pressure, i.e. a pop-off pressure, keeping the patient from being 
exposed to pressures greater than this. 

A refinement of the ventilator system is achieved in accordance with 
to the invention in that the control device controls the valves so a 
passing flow of fresh gas flows through the patient tube during 
inspiration . 

In the same way as during expiration, a flow of gas may be fed through 
the system during inspiration. A flow of gas can naturally be present 
even throughout the entire inspiratory. . . 

.out any residual gas expired by the patient. 

In order to improve control of the system , it is an advantage if the 
breathing bag comprises a flow valve which is controllable by the 
control device. If, for example, the inspiratory valve is' slow, the 
flow valve could be used for obtaining the most exact gas flow 
possible . 

An advantageous refinement of the ventilator system is achieved in 
accordance with the invention in that an additional detector is installed 
in, . . 

.signal meets at least a second defined condition, whereby the control 
device sets the ventilator system in a safe state if the measurement 
signal meets the second defined condition. 
In this . . . 

.of her/his expired gas. Moreover, this would result in a monitoring of 
the ventilator system ! s function. If the new parameter's measurement 
signal meets certain conditions, e.g. that... 

.defined second value for a specific period of time, the control device 
sets the ventilator system in a safe state. Safe state means that the 
device is transferred to a state... 

.the device. The device could even automatically perform some safety 
measure, such as opening a valve , changing the control parameter or 
changing the ventilation mode. Even when it performs an automatic... 

. from a detector measuring another parameter could be used as a control 
parameter, or the system could be switched to another ventilation mode, 
e.g. from manual to mechanical ventilation. In... 



.generator to activate an alarm and/or a switch to switch control of the 
ventilator system to mechanical ventilation or to some other parameter. 

The invention is described in greater detail... 
.referring to five figures in which: 

FIG. 1 shows a first embodiment of the ventilator system according 
to the invention; 

FIG. 2 is a block diagram of a control device in the ventilator 
system ; 

FIG. 3 illustrates a first regulation the ventilator system is 
cap a E>le 6~f "per f orming; 

FIG. 4 illustrates a second regulation the ventilator system is 
capable of performing and 

FIG. 5 shows a second embodiment of the ventilator system according 
to the invention. 

The ventilator system 2 comprises a ventilator unit 4, a patient tube 
6 and a breathing bag 8 . . . 

.When the manual ventilation mode is set on the control panel 10, a 
breathing bag valve 14, which can even be a manually adjustable valve 
, opens. A physician can compress the breathing bag 8 by squeezing it, 
thereby increasing pressure in the patient tube 6 so gas is forced into 
the patient's lungs . When the physician relaxes pressure on the 
breathing bag 8, gas can flow back, and. . . 

.With this ventilation mode, the physician is continuously able to feel 
the action of the lungs and exercise complete control over the 
patient's respiration. 

To keep the patient from re-breathing expired gas, the ventilator 
system 2 is controlled during spontaneous breathing and manual 
ventilation of the ventilator unit 4 in. . . 

.18 shown in greater detail in FIG. 2. 

The ventilator unit 4 also containsan inspiratory valve 26 and an 
expiratory valve 30, both controlled by the control device 18 and a 
first flow meter 32, a. . . 

.breathing bag 8, it emits a first control signal which is sent to the 
inspiratory valve 26 via a first A/D converter 24, and a second control 
signal which is sent to the expiratory valve 30 via a second A/D 
converter 28. The valves 26, 30 are opened to permit the passage of a 
flow of gas according to the control signals. 

The flow of gas through the inspiratory valve 26 is measured in the 
first flow meter 32, whose measurement signal is sent to... 

.the onset of expiration, as described above. The control device 18 then 
opens the inspiratory valve 26 and the expiratory valve 30, 
regulating the flow in them so they are as close as possible to the 
expired flow. As a result, the flow of gas through the inspiratory valve 

26 keeps the flow of expired gas from filling the breathing bag 8 and 
fills the breathing bag 8 with fresh gas. Expired gas is thereby forced 
out of the system through the expiratory valve . Changes in expiratory 
flow from the patient are immediately recorded by the pressure gradient 
detector 16, enabling the control unit 18 to correct control of the 
valves 26, 30. The breathing bag 8 is thereby filled with fresh gas in a 
way. . . 

.patient were breathing directly into the breathing bag 8. 

In order to control the expiratory valve 30 as accurately as 
possible, the flow of gas at the expiratory valve is measured in the 



second flow meter 36, and the measurement signal is sent to... 

..with enough fresh gas, the microprocessor 22 can integrate the flows 
measured at the inspiration valve 26, the expiration valve 30 and the 
breathing bag 8. The integrals designate the volume of gas passed, and 
the control unit 18 can regulate the valves 26, 30 so the volumes are 
of equal magnitude. 

The pressure gradient detector 16 is in this embodiment zeroed 
continuously to increase the system 's ability to measure small flows. 
This can be compared to an AC coupling with. . . 
tto -f — t he— change's - r eg i"s t e r e~d~~ The~~pr e r s s ur" e~ g r a~di~e"n t~~de t e "c tor - T6~ is - z"e roed - 
before the breathing bag valve 14 opens in order to supply an reference 
output for flow at the breathing bag 8 . 

Moreover, pressure is measured in the patient tube 6 at the inspiratory 
valve 26 in the first pressure detector 33, whose measurement signal is 
fed to the microprocessor... 

..the breathing bag 8 drops too much, additional fresh gas is supplied via 
the inspiratory valve 26. 

The second pressure detector 40 is located by the expiratory valve 30 
in the patient tube 6 and senses pressure at the expiratory valve 30. 
The measurement signal is sent to the microprocessor 22 via a fifth 
signal former 42. If pressure at the expiratory valve 30 exceeds a 
defined maximum pressure, i.e. the pop-off pressure, the expiratory 
valve 30 opens further in order to reduce excess pressure in the patient 
tube 6. The aim- is to limit the buildup of pressure in the patient's 
lungs . 

The microprocessor 22 can also control the breathing bag valve 14 via 
a third D/A converter 44. Use of this valve may be appropriate if the 
inspiratory valve 26 is not fast enough. 

FIGURES 3 and 4 schematically illustrate two ways in which the 
microprocessor 22 can control the valves 26, 30. The signals are 
designated as follows: Ppopof f ) ) is the pop-off pressure, which... 

.measured by the second presure detector 40, (PHI)E)) is the flow at the 
expiratory valve 30, (PHI)H)) is the breathing bag flow 8, (DELTA) PH) ) 
is fall in the... during spontaneous breathing and (PHI)Iset)) is the 
reference value for flow at the inspiratory valve 26. 

A regulation sufficient for controlling the supply of fresh gas to the 
breathing valve 8 during the expiratory phase is illustrated in FIG. 3. 
The value for expiratory flow. . . 

.is sent to a first regulator 48 which sends a control signal to the 
expiratory valve 30 via the second D/A converter 28 in an effort to 
achieve an expiratory... 

.to form a fault signal used by the first regulator 48 to control the 
expiratory valve 30. Pressure PE) ) in the patient tube 6 at the 
expiratory value 30 is monitored. . . 

.logic 52 first switches a first switch 54, and then assumes control of 
the expiratory valve 30 . 

■ Another monitoring performed concerns pressure in the breathing bag 8. 
As previously noted, filling... 

.bag 8. If pressure in the breathing bag drops below filling pressure 
Pf)), the inspiratory valve 26 will admit an additional influx of fresh 
gas to fill the breathing bag 8... 

.adder 56 to the pressure PI)) measured in the patient tube 6 at the 
inspiratory valve 26. The fault signal obtained is sent to a second 



control logic 58 capable of. 



.is typically- 5cm H2))0 in relation to atmospheric pressure. During the 
expiratory phase, the system again automatically switches to normal 
pressure regulation. This takes place when the second control logic... 

.PPEEP)) - (DELTA) PH) )) , i.e. when spontaneous breathing is deemed to be 
present . 

The ventilator system 2 can also be controlled so it supplies a 
passing flow of gas in the... 

.both expiration and inspiration. The passing flow of gas flushes expired 
gas out of the system , thereby reducing the system 's dead space. To 
facilitate control of the passing flow of gas when the . breathing bag 8 is 
filled, pressure in the system can either be regulated against the 
filling pressure Pf ) ) for the breathing bag or against the system 1 s 
maximum pressure Ppopof f ) ) . 

In the first instance, inspiratory flow is regulated so it is less than 
expiratory flow. For example, the passing flow at the inspiratory valve 

could be reduced to 2 liters/minute when the total passing flow is 3 
liters . . . 

.PH)), drops below the filling pressure Pf ) ) plus the end expiratory 
pressure PPEEP)), the inspiratory valve 26 opens to fill the breathing 
bag 8. 

In the second instance, when the system is regulated against the 
pop-off pressure Ppopof f) ) , inspiratory flow is instead increased so it 



.flow. When pressure in the patient tube PE) ) exceeds pop-off pressure 
Ppopof f ) ) , the expiratory valve 30 opens to bleed off surplus gas. 

Since all flows are measured or calculated in the ventilator system 
2, the microprocessor 22 can quickly determine whether the patient should 
be disconnected from the system , then stopping all gas flows. This is 
particularly important in conjunction with the administration of.... 

.anesthetic into the operating theatre. 

In the corresponding manner, leakage from different parts of the 
system can be easily detected. Regulation of the entire system can 
even be managed according to readings from pressure sensors, since 
pressure and flow in the system are directly interrelated, and the 
value of one can be established from the value for the other. 

A digitally controlled system has been described in the embodiment, 
but the system can also be devised as an analog circuit. 

A second embodiment of the ventilator system is shown in FIG. 5. The 
ventilator system 64 comprises a ventilator unit 66, which could 
consist of e.g. a Servo Ventilator... 

. 66A and an expiratory section 66B . In the inspiratory section 66A there 
is an inspiration valve 86 which regulates the flow of gas into the 
patient tube 68, and in the expiratory section 66B there is an expiratory 

valve 88 which regulates the flow of gas out of the patient tube 68. A 
number . . . 

.are installed between the control device 72 and the ventilator unit 66 
for controlling the valves 86, 88. Control signals for the ventilation 
phases, i.e. whether the valves 86, 88 are to be open or closed and 
whether the valves 86, 88 are to be controlled according to pressure or 
flow, are sent to the ventilator unit 66 via first control line 90. When 
the valves 86, 88 are to be controlled according to flow, a first flow 



control signal is. 



. . .is sent to the expiratory section 66B via a third control line 94. When 
the valves 86, 88 are to be controlled according to pressure, a first 
pressure control signal is. . . 

...can perform the regulation and control described in conjunction with 
FIGS. 1-4. 

The ventilator system 64 functions as follows: In normal ventilation, 
a breathing bag valve 108 is closed, and the system operates like a 
no rma 1" ~~ve *iti 1 at o~r~7~ The" ~br e a thing "bag "valve T0~8~~ is open~~i"n manual" 
ventilation of the patient. 

During the inspiratory phase, the control device 72 controls the 
ventilator unit 66 so the inspiratory valve 86 and the expiratory 
valve 88 are closed. The patient's inspiration is monitored by the 
physician who squeezes the breathing bag 70 which, since the valves 86, 
88 are closed, is in direct contact, like a communicating vessel, with 
the patient's lungs . During inspiration, the physician can therefore 
feel the pressure in the patient's lungs in the breathing bag 70. 

During expiration, the physician relaxes pressure on the breathing bag 

...to the control device 72 which now controls the ventilator unit 66 so 
the inspiratory valve 86 and the expiratory valve 88 admit an 
inspiratory flow and an expiratory flow respectively of the same 
magnitude as . . . 

...pressure detector 82. The breathing bag 70 then fills with fresh gas 
from the inspiratory valve 86. The patient's expired gas is thereby 
unable to flow into the breathing bag 70 and is conducted away through 
the expiratory valve 88. Gas outflow through the expiratory valve 88 
has the same flow profile as when the patient's lungs are emptied of 
gas. So the patient's lungs , even during expiration, will also feel to 
the physician as though they were communicating directly with the 
breathing valve 70, even though the expired volume is controlled via 
the expiratory valve 88. In other words, the physician controls the 

• patient's respiration during both inspiration and... 

...volume of flow into the breathing bag 70 during the same expiratory 
phase. This regulatory method effectively prevents the patient's 
expired gas from reaching the breathing bag 70. The inspiratory... 

...constant flows of gas from an external source of gas can be connected to 
the system . 

In order to enhance patient safety, the ventilator system 64 contains 
a C02) ) detector 100 placed in the patient tube 68 by the patient... 

...replaced with fresh gas. If this is not the case, there issome fault in 
the system , and the alarm is activated. To ensure that the alarm is 
triggered, even if the... 

. . .very steeply when the patient begins exhaling, this circumstance can be 
used to trigger the system to start refilling the breathing . bag 70 with 
fresh gas. Here, the filling procedure can be controlled in the way 
described above. 

A direction-dependent flow meter 104 placed. . . 

...signal line 106. The direction-dependent flow meter 104 senses gas flows 
towards the breathing valve 70. The direction-dependent flow meter 104 
should only intermittently detect flow during the expiratory. . . 



...detection lasting a given period of time, e.g. a few seconds, indicates 
that the system is not working properly, and an alarm is activated. 
The measurement signal from the direction... 

...can still be sustained. 

Alternately, the control device 72 can shift to controlling the 
■ventilator system 64 according to some other control parameter, such as 
the measurement signal from the direction-dependent flow meter 104. This 
control redundancy for the control device 72 optimizes the ventilator 
system 's 64 function and patient safety. 
— The" C02 )-)" de feet or "~1 00" can - b~e Tepl^^e^7"wTth~6ut any. 7 . 

CLAIMS 1. A method , for use with a ventilator system for manual 

ventilation of a patient in which a breathing bag is squeezed to 
impose . . . 

...of expired gas, and gas expired by the patient is conducted out of the 
ventilator system (2). 

2. A method of claim 1, characterised in that a parameter related to 

the patient's expiration is... 

.-..breathing bag (8), and gas flow is controlled according to the measured 
parameter . 

3. A method of claim 2, characterised in that one of the parameters gas 

flow, temperature, relative gas... 

...concentration of a specific gas is measured and serves as the control 
parameter. 

4. A method of claim 2 or 3, characterised in that an additional 

parameter is measured for starting control of the flow of fresh gas 
and/or starting a functional check on the method , an alarm being 
generated and/or an alternative ventilation mode started if at least 
one defined condition is met. 

5. A ventilator system (2; 64), for manual ventilation of a patient, 

comprising a patient tube (6; 68) connectable . . . 

...bag (8; 70), and gas expired by the patient is conducted out of the 
ventilator system (2; 64). 

6. A ventilator of claim 5, characterised in that the ventilator unit (4; 

66) comprises a controllable inspiratory valve (26/ 86) connected 
to one end of the patient tube (6; 68), a controllable expiratory 
valve (30; 88) connected to the other end of the patient tube (6; 
68) and a. . . 

...device (18; 72) connected to the parameter detector (16; 82, 100, 104) 

and to the valves (26, 30; 86, 88), whereby the control device (18) 
controls the valves (26, 30; 86, 88) according to the parameter. 

7. A ventilator system of claim 6, characterised in that the ventilator 

unit (4) comprises a second detector (32) for sensing gas flow or gas 
pressure at the inspiratory valve (26) and a third detector (36) 
for sensing gas flow or gas pressure at the expiratory valve (30), 
whereby the control device (18) controls the valves (26, 30) 
according to the parameters gas flows or gas pressures measured by 
the detectors (16, 32 36).. 

8. A ventilator system of claim 7, characterised in that the detectors 

(16, 32, 36) sense gas flow, and... 

...the respective detector (16, 32, 36) during expiration, whereby the 

control device (18) controls the valves (26, 30) so the determined 
gas volumes are essentially identical. 



9. A ventilator system of any of claims 5-8, characterised in that 

the control device (18) continuously zeroes the parameter detector 
(16). 

10. A ventilator system of any of claims 6-9, characterised in that 
the control device (18/ 72) controls the valves (26, 30; 86, 88) so 
a passing flow of fresh gas streams through the patient tube (6; 68) 
during expiration. 

11. A ventilator system of claim 10, characterised in that the control 
device (18) controls the valves (26, 30) so the flow of gas at the 
inspiratory valve (26) is less than the flow of gas at the 
expi fa t dry ~ valve "( 3"0")~~ and" "a~f irst~pr essure d'etector measures 
pressure in the breathing bag (8), whereby the control device (18) 
regulates- the inspiratory valve (26), when pressure in the 
breathing bag (8) drops below a first defined pressure, so... 

..filling the breathing bag (8) is fed into the patient tube (6). 

12. A ventilator system of claim 10, characterised in that the control 
device (18) controls the valves (26, 30) so the flow of gas at the 
inspiratory valve (26) is greater than the flow of gas at the 
expiratory valve (30), and a second pressure detector (40) measures 
the pressure in the patient tube (6), whereby the control device 
regulates the expiratory valve (30), when pressure in the patient 
tube (6) exceeds a second defined pressure, causing pressure to drop. 

13. A ventilator system of any of claims 5 - 12, characterised in that 
the control device (18) controls the valves (26, 30) so a passing 
flow of fresh gas flows through the patient tube (6) during 
inspiration. 

14. A ventilator system of any of claims 5 - 13, characterised in that 
the breathing bag (8) comprises a flow valve (14) which is 
controllable by the control device (18) . 

15. A ventilator system of any of claims 5-14, characterised in that 
an additional detector (100, 104) is... signal meets at least a second 
defined condition, whereby the control device sets the ventilator 
system (64) in a safe state if the measurement signal meets the 
second defined condition. 

16. A ventilator system of claim 15, characterised in that the control 
device (72) comprises a first comparator using.... 

..generator to activate an alarm and/or a switch to switch control of the 
ventilator system (64) to mechanical ventilation or to some other 
parameter . 
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DISPOSITIF DE RE AN IMAT I ON CARDIO- PULMONAIRE . 
INTERNATIONAL PATENT CLASS: A61M-016/08 ... 

. . . A61M-016/00 

...SPECIFICATION due to inadequate cardiac output. In adults, this arrest 
is most often due to (min) cardiac arrest (min) (e.g. myocardial 
infarction ) , whereas in children it is more often secondary to 
(min) respiratory arrest (min) or hypoxia e.g. asphyxia. 

Basic CPR is the accepted technique out of hospital where advanced 
life support systems are not available. Examples of situations where 
basic CPR is essential include drowning, trauma, drug overdose, and 
myocardial infarction . 

It has been shown that Basic CPR, when performed adequately, will 
satisfy the physiological criterion... 

...tissues, in order to preserve their cellular function. 

Basic CPR can be performed by two techniques : (a) ( min) Old (min) CPR 
and (b) (min) New (min) CPR, which will be described... 



. follows : 

(a) (min) Old (min) CPR is well-established in the medical literature. 
The basic technique where no specialized equipment is available is to 

clear the airways of solid or fluid. . . 

.10-15/min (e.g. mouth-to-mouth, or by mask), together with external 
cardiac compression at a rate of 80-100/min. 

This ideally requires two trained operators. Although it... 
.be performed by one trained operator, this is much less efficient due 
both to the technique itself and to the physical strain involved. 

T he basis ~~ : f or~~t he techn'i que Ts~~ t h at" ~ t he ~~ iricr ea se " "in int rathoracic 
pressure is transmitted to the heart; when performed properly, it has 
been shown to generate. . . 

.output. This results in predominantly (min) forward (min) blood flow to 
the brain, as the valves in the 'great veins in the neck prevent reverse 
flow. 

(b) (min)New(min) CPR... 

.min) old (min) CPR, except that it recommends the simultaneous performance 
of both external cardiac compression and ventilation, resulting in a 
greatly enhanced forward blood flow and cardiac output, because of a 
greater increase in intrathoracic pressure that is transmitted in the 
heart. It is possible that coronary blood flow is... 

.in training of a very high proportion of the community. 
In order for a CPR method to be of use, it must be 

a) Simple to understand and perform. 

b) Effective. . . 

.community setting. Five subjects (7%) stated that they would not be 
prepared to use this method while 16 (23%) would use it only 
selectively, according to such influences as age of. . .practice in many 
hospitals, where a variety of devices may confront a person attempting 
resuscitation. Pulmonary ventilation is frequently inadequate when 
these devices are used during CPR , unless special instruction is given, 
and one frequently used system , bag - valve -mask ventilation, had a 
97% failure rate even after instruction (Lawrence and Sivaneswaran, op. 
cit . . . 

. endotracheally or with an oesophageal obturator airway (JAMA, op. cit.). 

However, most mouth-to-mask methods require the operator to hold the 
mask to the patient's face using both hands... 

.operator must be present if cardiac massage is to be applied, which 
gravely limits this method . More commonly such emergencies occur in 
situations where face masks are not available. 
Whilst U. . . 

.person to perform simultaneously the functions of 

a) cardiac massage, 

b) artificial respiration, and 

c) suction of secretions from the airway, without placing the 
operator in contact with the patient's... 

.with an oropharyngeal airway; the bottom wall being adapted to, in use, 
rest on the chest of a patient to support the pump; said wall structure 
being capable of contracting and. . . 

.through the oropharyngeal airway, and pressure applied to the top wall 



is transmitted to the chest of the patient via the bottom wall after 
contraction of the wall structure to effect... 

.sectional view taken along line 4-4 of Figure 3 and showing one form of 
valve arrangement for the various inlets and outlets from the pump; 

Figure 5 is a cross-sectional view of the valve housing section of 
the pump of Figure 2, but with an alternative form of valve for the 
various inlets and outlets; 

Figure 6 is a cross-sectional view taken along. . . 

.The side walls 3 and 4 are of a bellows construction such as to 
resiliently compress and expand as an axial force is applied to and 
released from the pump. Inner... 

.via a gas inlet spigot 7 through the top wall 2 and one-way flap valve 
8. When the operator applies hand pressure to the top face 2, as 
indicated by the arrow to axially compress the side walls 3 and 4, gas 
is expelled from gas chamber 5 through one-way flap valves 9 and 10 
into gas outlet tubes 11 and 12 contained within and extending outwardly 
...to be extracted and sucked through a waste-venting tube 13 and a 
one-way valve 14 into the waste chamber 6. From there waste can leave 
via a one-way flap valve 15 via a waste outlet tube 16 to a waste 
reservoir (not shown) . Expulsion of waste in this way is assisted by 
subsequent compression of the pump. The top face of the pump may carry 
means such as straps... 

.The underside of the bottom wall 1 is adapted to, in use, rest on the 
chest of a patient to support the pump. 

With reference to Figure 7, distal ends of... 

.telescoping wall members with an internal spring biasing the structure 
to an expanded condition, and compressible under pressure, and 
expandable when pressure is removed, to function in a similar manner to 

.sophisticated embodiment of the invention with reference to Figures 2 to 
4, and its alternative valve arrangement as shown in Figures 5 and 6, 
the pump comprises a gas chamber 23... 

.Figure 1, the side wall 22 is of a bellows construction such as to 
resiliently compress and expand as an axial force is applied to and 
released from the pump. The... 

.and 22, and upper surface of interface 21 provides the gas chamber 23, 
and a. compression spring 24 is positioned centrally within the gas 
chamber to bias the side wall 22... 

.wall, with a clamping band 32 being additionally applied to consolidate 
the connection. A further compression spring 33, having a lesser spring 
force than the biasing spring 24 in the gas... 

.to act as the bottom wall of the pump which in use, rests on the chest 
of the patient to support the pump. In use axial pressure applied to the 
top wall 20 of the pump initially compresses the wall structures of the 
gas and waste chambers 23 and 29 to be then transmitted through the 
bottom wall to the chest of the patient to effect simultaneous cardiac 
massage and ventilation. 

With reference to Figures 2 compressed against the biasing force of 
the spring 24 within the gas chamber 23 and gas... 

.interface 21 and into a radial gas transfer port 41, past a gas outlet 



check valve 42 to a gas outlet passage 43 and then onto a gas outlet 
tube leading . . . 

.and into a radially waste transfer passage 45, and then past a waste 
outlet check valve 4 6 to a waste outlet passage 47 and then onto a 
suitable receptacle for disposal... 

.through a gas inlet passage 48 in the interface 21, past a gas inlet 
check valve 4 9 into a gas inlet transfer passage 50 and onto a gas 
inl et p or t 51 . ._. 

.passage 52 in the interface 21, which in turn communicates, via a waste 
inlet check valve 53, with a radial waste transfer port 54 and waste 
inlet port 55 leading to. . . 

.release of increased pressure through the pump body, whilst the pump is 
situated on the chest of the patient, applies external cardiac massage 
or compressions . 

There is a tendency at the pharyngeal piece within the patient for gas 
to flow. . . 

.the waste-venting tube and back to the waste chamber, rather than into 
the respiratory system of the patient, and in order to prevent such 
from happening in the embodiment of Figure 2, a conical valve member 
55a is provided within the waste chamber 29 on the inside wall of the... 

.with the waste inlet port 55, such that, when the waste housing is 
collapsed the valve member closes the port 55 and thus any bypassing of 
the gas back through to the waste chamber 29 is resisted ensuring that 
the gas therefore flows into the respiratory system of the patient. 
Also, as shown in Figure 2, a bleed port 47a is provided. . . 

.47, whereby, when waste is expelled through the waste outlet, and the 
waste outlet check valve 46 closes, air within the outlet can re-enter 
the waste chamber through the bleed port 47a to in effect release the 
vacuum , that is, raise the pressure within the waste chamber to match 
the outside pressure within the outlet 47. 

In the embodiment of Figure 2 to 4, the check valves 42, 46, 49 and 
53 are in the form of simple flap valves positioned within the 
respective passages and held in place at the inner ends of the... 
.sleeves 56, whilst in the case of the gas and waste inlet passages, the 
check valves are captured between inner sleeves 57, at the inner end of 
the respective inlet passages, and outer sleeves 58, whereby the check 
valves are positioned midway along the length of those passages to 
ensure sufficient space for the flaps of the check valves to swing to 
an open position. Each check valve comprises a thin disc of semi-rigid 
material, with a circular slit cut around the... 

.reversed flow or pressure. 

In the alternative embodiment of Figures 5 and 6, the check valves 
consist of "curl-type" valves comprises a housing having a cylindrical 
wall 62, one end of which is closed by. . . 

.the wall 63 has an aperture 68 therethrough which receives a stem 65 of 
a valve closure disc 66. A bulb 67 is formed on the free end of the 
stem 65 which, in the assembly of the check valve deforms when pushed 
through the aperture 68, but will prevent disengagement from within the 
aperture ... with two outlets from the gas chamber, for example an 
additional identical gas outlet and valve arrangement on the opposite 
side of the waste inlet, and each communicating with its own. . . 



...the neck extended backwards. 

c) Quickly loosen or remove all clothing around the neck and chest 

d) Where possible, clear the patient's mouth and airway of all 
visible fluid or, . . 

...operator should be kneeling by the side of the patient, leaning over the 
patient's chest and device as shown. 

c) Place the bottom of the pump on to the lower. . . 



...the flat of each hand on top of the other, parallel to the patient's 
chest and crossed at 90 (degree) to each other. The fingers of each hand 
should be . . . 

...i.e. 

a) 1-second (min) ventilation (min) , then 

b) 10xl/2-second (min) cardiac compressions (min) then 

c) 1-second (min) suction (min) . 

(1) In a single action, firm compression straight downwards by the 
movement of both hands, will collapse the unit and inflate the patient's 
■chest , i.e. a 1-second action (min) ventilation (min) . Maintain this 
downward pressure to keep... 
...to allow the sternum to rise whilst still keeping the pump deflated. 
This (min) cardiac compression (min) should take 1/2 second. 
(3) Repeat step (2) a total of 10 times... 

...Release pressure and allow the unit to re-expand over 1 second i.e. 
(min) suction (min) . (Reduced pressure below an atmosphere pressure in 
the pump will allow air or O. . . 

. . . chamber) . 

(5) Repeat step (1) . From now on, this manoeuvre which inflates the 
patient's lungs will also empty the waste chamber of its contents 
through a conduit, and away from. . . 

...6) Repeat steps (2) to (5), and so on. 

Thus, a periodic sequence of manual compressions will co-ordinate a 
(min) ventilation (min) , then maintain an inflated chest whilst 
performing 10 serial (min) cardiac compressions (min), in accordance with 
the current theory of (min) New (min) CPR, which is now... 

...specialized equipment is accessible which has the features of: 

Providing a combination of ventilation, cardiac compression , and 
suctioning and the additional preferred feature of removal of airways 
matter . 

The resuscitator according to the. . . 
. . .of : 

1. Applying the principles of (min) New (min) CPR i.e. simultaneous 
maintenance of chest inflation and external cardiac compression (with 
the added advantage of regular automatic suctioning ) , to enhance 
cardiac output. 

2. Providing a correctly positioned oropharyngeal airway that is 
firmly held. . . 

...CLAIMS and that the bottom wall (1,30) is adapted to, in use, rest on 

the chest of a patient to support the pump and pressure applied to 
the top wall (2,20) is transmitted to the chest of the patient via 
the bottom wall (1,30) after contraction of the side wall... 



.said inlets (7,48, 13, 52) and outlets (11, 12, 40, 16, 44) contain 

check valves (8, 10, 14, 15) to prevent reverse flow therethrough. 
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Detailed Description 

Claims 

English Abstract 

A manual inexsuff later (10) including a standard mechanical ventilator 
(16), a medical suction unit (14), and a piston-like sliding valve 
mechanism (18) which connects a patient ventilation interface (12) with 
either the ventilator or the suction unit (14). By sliding the valve 
mechanism (18) in and out the user selectively connects the patient to 
either the ventilator (16), for purposes of insufflation, or the suction 

unit (14), for purposes of exsuf f lation . The ventilator (16) may 
generate expiratory positive airway pressure... 

French Abstract 

...un ventilateur mecanique classique (16), une unite d ? aspiration 
medicale (14), et un mecanisme de valve (18) coulissant de type piston 
connectant une interface de ventilation (12) de patient soit au 
ventilateur soit a l 1 unite d'aspiration (14). Par coulissement du 
mecanisme de valve (18) a l'interieur et a l'exterieur, 1 1 utilisateur 
connecte select ivement le patient soit... 



Detailed Description 
from airways . 

BACKGROUND OF THE INVENTION 

Patients suffering from weakness of the muscles of the thoracic cage 
and 

diaphragm, as may occur in, for example, Duchenne Muscular Dystrophy or 
Cervical Spine. . . 

...to clear respiratory secretions from their lower respiratory tract, 

retained secretions may develop in their lungs . As retained secretions 
constitute a focus for infection, these patients are at high risk 
fatal, pneumonia, and are thus in need of assistance in expectorating 
their respiratory secretions. 

Several techniques for assisting such patients are known. If the degree 
of muscle weakness is mild, physical therapy techniques such as 
"manually assisted coughing" may be effective. With this technique , the 
therapist enhances the efficacy of the patient's natural cough by means 
of a adequate pulmonary toilet. 

For patients who are intubated with, an endotracheal tube, or have a 
permanent tracheostomy. . . 

. . .which may be necessary for purposes of mechanical ventilation due to the 
severity of the chest wall muscle weakness), endotracheal suction is 
commonly used as a technique for secretion clearance. 

Endotracheal suction is achieved by inserting a narrow gauge catheter 
into the patient's trachea via a larger gauge endotracheal tube or 
tracheostomy cannula, and then applying suction through the catheter. 
Secretions that are in proximity to the tip of the catheter are then 
sucked into the catheter and removed. This technique achieves 
secretion removal by utilizing a suction force to cause secretions to 
either adhere to the catheter tip or enter into the catheter, which is 
then withdrawn from the body while the suction force is maintained. It 
should be noted that the suction is generated within the suction 
catheter only, not within the endotracheal tube or tracheostomy cannula, 
and that it is executed. . . 

...patient's respiratory cycle, be it inspiration or expiration. 

There are several drawbacks to endotracheal suction as a means for 
clearing respiratory secretions. The procedure is invasive, thus 
requiring sterile technique for its performance, and may cause physical 
trauma to, or infection within, the patient's airways. Moreover, this 
technique can only be performed on those patients who are already 
intubated or tracheostomized, and is... 

. . .patients, and for intubated patients who wish to avoid the 

above-mentioned drawbacks of endotracheal suction , a desirable 
mechanical method for removal of tracheobronchial secretions is that of 
mechanical .insuf f lation-exsuf f lation (also known as inexsuf f lation . . . 
Fourth Edition, McGraw-Hill, 1979, defines exsufflation as "forcible 
expiration; forcible expulsion of air from lungs by a mechanical 
apparatus 11 . 

Most commonly, an inexsuf flator is applied to a patient's respiratory ... a 
cyclical fashion as follows: First, the inexsuf flator mechanically pumps 
air into the patient's lungs until the lungs have expanded to their 



maximum capacity (insufflation) . Then, at the moment of peak 
insufflation, the inexsuf f lator rapidly sucks air out of the patient's 
lungs at a high ...an inexsuf f lator artificially simulates the action 
of a natural cough. 

Thus, in contrast to endotracheal suction , inexsuf flat ion is 
noninvasive (and thus does not require sterile technique or cause 
trauma to the airways), and achieves secretion removal by causing rapid 
airflow (at... have wealmess of their facial and glossopharyngeal muscles 
in addition to the weakness of their chest wall muscles, and they 
ty picall y are unable to "hold in" a d eep breath f or a sig n ificant peri od 
of time. As such, after an inexsuf f lator completes the lungO 
insufflation cycle, the insufflated air may rapidly dissipate through the 
patient 1 s mouth and nose... onset of exsufflation is even marginally 
delayed the volume of air within the patient's lungs which will be 
available for mechanical exsufflation will be significantly diminished, 
resulting in an ineffective "cough". 

Mechanical inexsuf flation is particularly effective when it is augmented 
by the manual assisted cough technique described above. This is usually 
done by a single caregiver (often a physiotherapist or a member of the 
patient's family) who operates the inexsuf f lator while simultaneously 
applying abdominal/ chest thrusts timed to the exsufflation phase of the 
machine . 

It is physiologically desirable that each... the machine. This mechanism 
is used to generate airflow alternately in two directions: into the 
lungs under positive pressure during insufflation, and out of the 
lungs under negative pressure during exsufflation. In the 
"automatic" version of this machine, model CA-3000, cycling from 
insufflation. . .ventilator for purposes of mechanical ventilation via an 
invasive or noninvasive ventilation interface, as their chest wall 
muscle weakness limits not only their ability to cough, but also their 
ability to... period encourages the collapse of smaller airways and 
alveoli, which traps secretions deep within the lung . 

2) Standard inexsuf flators are comprised of a built-in mechanism for 
generating airflow in two directions (both into and out-of the patient's 
lungs ), which is ...3000 in 2002. 

3) It is difficult for a caregiver performing the manual assisted cough 
technique simultaneously with mechanical inexsuf flation to achieve 
optimal coordination with a manual inexsuf f lator . This is because... 

..perform a different maneuver simultaneously: while one hand has to 
perform an "in-out" abdominal/ chest thrust on the patient, the other 
hand has to perform a "side~to-side" rotary... yet efficient and effective 
in artificially reproducing a coughing action to clear respiratory 
secretions from lungs and airways. 

In general terms, the inexsuf f lator of the current invention may comprise 
three primary components: 1) a mechanical ventilator, 2) a suction 
unit, and 3) a sliding, piston-like, valve mechanism, which connects 
the above two components . . .Any type of standard mechanical ventilator, 
including ventilators of the type used by patients with chest wall 
weakness for purposes of mechanical ventilation, may be used as part of 
the inexsuf f lator piston- valve and suction components of the current 
invention need be added so as to "convert" their ventilators into. . . 

..also known as expiratory positive airway pressure, during the pause 
between inexsuf flation cycles. 



The piston- valve establishes airflow continuity between the patient 
interface and, depending on the valve 's orientation (i.e., piston 
"pushed in7 ' or piston "pulled ouf 1 ) , either the ventilator or the 
suction unit, both of which operate continuously. The operator of the 
inexsuf f lator causes the device to cycle between insufflation and 
exsufflation by manually pulling the piston of the valve outward (when 
the ventilator is delivering a breath) and then pushing it inward (at the 

. a irflow continuity bet ween the pat ien t and eith e r the mechanica l 

ventilator (thus achieving insufflation) or the suction unit (thus 
has terminated, thus preventing 
alveolar or airway collapse 

The "in-out" movement of the piston- valve parallels the arm action of 
an 

abdominal/ chest thrust as is done for purposes of assisted coughing. 
Thus, an operator performing an abdominal ... exact coordination of the two 
actions by the operator, thus enhancing the efficacy of the procedure . 

In an embodiment of the invention, an external mechanical ventilator may 
be used for generating. . . 

.during the pause between insuf f lation-exsuf f lation cycles, by means of 
the mechanical ventilator. 

The manual valve mechanism may be operated by an "in-out" or 
"push-pull" type of hand/arm ... to generate an expiratory positive airway 
pressure and a volume-cycled mechanical ventilator,, and a valve 
connected to the source of positive fluid pressure and the source of 
negative fluid pressure, the valve being adapted to selectively connect 
the patient interface unit with the ...negative fluid pressure. . 
Further in accordance with a preferred embodiment of the present 
invention the valve includes a manual valve . 

In accordance with a preferred embodiment of the present invention the 
manual valve includes a sliding element. 

There is also provided in accordance with a preferred embodiment of... 

.a source of negative fluid pressure, a source of positive fluid 
pressure, and a manual valve connected to the source of positive fluid 
pressure and the source of negative fluid pressure, the valve being 
adapted to selectively connect the patient interface unit with the source 
of positive fluid pressure and the source of negative fluid pressure, and 
the valve including a sliding element. 

In accordance with a preferred embodiment of the present invention the... 
.noninvasive ventilation interface. 

In accordance with a preferred embodiment of the present invention the 
manual valve is adapted to substantially seal fluid flow from the 
source of positive fluid pressure to... that includes providing positive 
fluid pressure from the source of positive fluid pressure via the valve 
to the patient interface unit, and, within a predetermined period of 
time, substantially sealing fluid. . . 

.generally simultaneously providing negative fluid pressure from the 
source of negative fluid pressure via the valve to the patient 
interface unit. 



Still further in accordance with a preferred embodiment of the... 
preferred embodiment of the present invention the source of negative 
fluid pressure includes a medical suction unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more ... negative 
fluid pressure may be provided, such as but not limited to, a standard 
medical suction unit, for example, an Accuvac Basic Aspirator (Gottlieb 
Weinnianti GmbR & Co. 



Hamburg, Germany) a vacuum cleaner or any other suitable suction 
device. A source 16 of positive fluid pressure may be provided, such as 
but not limited to, a mechanical ventilator or an " AMBU " type manual 
resuscitator bag , for example. It is ...with any suitable control 
. apparatus, sensors, recording devices and the like (not shown) . 

A manual valve 18 is preferably connected to the source 14 of negative 
fluid pressure and to the source 16 of positive fluid pressure. Valve 
18 is adapted to selectively connect patient interface unit 12 with 
sources 14 or 16 . . . 

...and positive fluid pressure, respectively. 

The following is one example of a construction of manual valve 18, 
although it is understood that the manual valve 18 is not limited to 
this construction. In the illustrated embodiment, manual valve 18 
comprises a cylindrical housing 20 having a connector element 22 for 
connection to patient... 

...at the interface between housing 20 and connector element 24 for varying 
the amount of negative pressure , i.e., controlling the amount of 
suction . Housing 20 may have an opening 27 that fluidly communicates 
with connector element 24. One ... housing 20 (pressure sensor 28 is 
omitted for clarity in Figs. 2 and 3). 

Manual valve 18 may comprise a sliding element 30 that may include a 
hollow cylindrical piston 32... from the source 14 of negative fluid 
pressure to patient interface unit 12. Thus, manual valve 18 may 
operate like a two-way valve . 

A working cycle of inexsuf f lator 10 for providing air to a patient and 
suddenly causing... In Fig. 2, source 16 of positive fluid pressure 
supplies positive fluid pressure via manual valve 18 to patient 
interface unit 12, which pressure is forced into the airways and 
respiratory system of the patient. The positive pressure may be 
monitored by observing pressure sensor 28. In... 

...to discern the onset and peak of insufflation. At or near the moment of 
maximal lung insufflation, as depicted by an increase in the pressure 
recorded on pressure sensor 28 or as discerned by observation of the 
patient's chest wall movement, the user initiates exsufflation as ■ 
follows: Within a predetermined period of time, preferably... 

...as to prevent air dissipation prior to the onset of exsufflation, the 
user moves manual valve 18 to the second orientation shown in Fig. 3. 
For example, the user may suddenly via manual valve 18 to patient 
interface unit 12. The sudden application of negative pressure to the 

lungs that have been insufflated with the positive pressure may 
generate a rapid airflow out of the lungs of the patient, thereby 



achieving exsuf f lation . During the process of exsuf f lation, the user 
monitors pressure sensor 28 so as to discern the degree of negative 
pressure being generated within the patient's airways. 

After a predetermined period of time, such as but not limited to about I 
second, or upon attainment of a desired degree of negative pressure 
within the airways, the manual valve may ...embodiment of the current 
invention, source 16 of positive fluid pressure is a hand-held " AMBU " 
type manual resuscitator bag , for example, an MR- 10.0 Adult 

Resuscitat or (Galerned Corp. Taiwan) . In ter ms of this embodiment ,_ jth e 

phase of insufflation is initiated by the user manually squeezing the 
manual resuscitator bag so as to generate positive pressure within 
the patient's airways, as depicted by pressure ... LP-10 Volume Ventilator 
(Nellcor Puritan Bennet Inc. Pleasanton, CA) or an LTV-1000 Ventilator ( 
Pulmonetic Systems , Colton, CA) . A volume-cycled ventilator is a 
ventilator in which the amount of air... 

aim 

positive airway pressure, a volume-cycled 
mechanical ventilator and a manual resuscitator; and 

d) a valve connected to said source of positive fluid pressure and said 
source of negative fluid pressure, said valve being adapted to 
selectively connect said patient interface unit with said source of 
positive fluid... unit 

comprises a noninvasive ventilation interface. 

3 The inexuflator according to claim I wherein said valve comprises a 
manual 

valve . 

4 The inexuflator according to claim 3 wherein said manual valve is 
adapted to substantially seal fluid flow from said source of positive 
fluid pressure to fluid pressure via said valve to said patient 
interface unit, and, within a predetermined period of time, substantially 
seal fluid. . . 

.generally simultaneously providing negative fluid pressure from said 
source of 

negative fluid pressure via said valve to said patient interface unit. 

6 The inexuflator according to claim I and ftirther comprising. . . 

.and said negative fluid 
pressure. 

7 The inexuflator according to claim 3 wherein said manual valve 
comprises a sliding ...inexuflator according to claim I wherein said 
source of negative fluid 

pressure comprises a medical suction unit. 

13 An inexsuf f lator ...of negative fluid pressure; 

c) a source of positive fluid pressure; and 

d) a manual valve connected to said source of positive fluid pressure 
and said 

source of negative fluid pressure, said manual valve being adapted to 
selectively connect said patient interface unit with 'said source of 
positive fluid pressure and said source of negative fluid pressure, and 
said manual valve 
comprising a sliding element. 

14 The inexsuf f lator according to claim 13, wherein said patient 



interface manual valve is adapted to substantially seal fluid flow from 
said source of positive fluid pressure to . . . inexuf lator according to 
claim 13 wherein said source of negative fluid pressure comprises a 
medical suction unit. 
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Detailed Description 

Claims 

English Abstract 

An improved manual resuscitation device such as a bag - valve -mask 
(BVM) device with flow control valve to eliminate the danger of patient 
distention and aspiration of stomach contents during ventilation. The... 

...patient face sealing edge/ flexible manually squeezed bag with a one way 
intake and output valves in flow communication with a gas source and 
the mask inlet, and exhaust port for exhausting exhaled gas from the mask 
when the bag output valve is closed. The flow control valve is 
interposed between the mask and bag to automatically and variably limit 
the rate of . . . 

...between a predetermined minimum flow rate and a maximum flow rate. A 
similar flow control valve can be included in any manual resuscitation 
device such as a pocket mask or face. . . 



French Abstract 



. . .perfectionne, par exemple un dispositif a masque et ballon 
d'anesthesie (BVM) , equipe d'une valve de reglage de debit afin 
d'eliminer le risque de distension du patient et d. . . 

...patient, un sac flexible manuellement comprime pourvu d'un orifice 

d' aspiration unidirectionnelle et de valves de sortie en communication 
d'ecoulement avec une source de gaz et 1' entree du. . . 

...et un orifice d ' echappement pour 1 1 evacuation du gaz exhale du masque 

1 o r s que_ 1 a _val ve de_ sorti e d u sac _ est fe rmee. La valve de reg lage de 

debit est interposee entre le masque et le sac afin de limiter. . . 

...par exemple un masque de poche ou un ecran facial, peut etre equipe 
d'une valve de reglage de debit de ce type. 

Detailed Description 

FLOW CONTROL VALVE FOR MANUAL RESUSCITATOR DEVICES 
TECHNICAL FIELD 

The invention relates to a flow control valve for preventing gastric 
distention and aspiration of stomach contents due to excessive gas flow 
rates . . . 

...flow rate of pressurized air from a manually ■ operated resuscitation 
device, such as a Bag- Valve -Mask device, pocket mask, face shield, or 
endotracheal tube. 

BACKGROUND OF THE ART 

In the relevant art of pulmonary resuscitation using manually operated 
resuscitation devices, the Bag- Valve -Mask resuscitator (commonly 
referred to as a "BW") has been the primary method of ventilating the 
patient in respiratory arrest for some 40 years. The BVM device is... 

...in U.S. Patent Nos. 4,532,923 and 4,622,964 to Flynn. 

Cardio- pulmonaly resuscitation (CPR) can be administered mouth-to-mouth 
without protection but recently to protect the... 

...medical personnel, use of various protective manually operated devices 
is common. For example, one way valves , patient exhalation valves and 
fabric shields are fitted to pocket masks and face shields in order to 
inhibit . . . 

. BVM consists of a self inflating balloon at one end having a one way 
intake valve that allows gas to be drawn into the balloon as the 
balloon recoils after it has been manually squeezed by the user. The 
intake valve self seals when the inflated bag is squeezed, and opens 
when the bag is permitted to recoil naturally. On the other end of the 
balloon, a one way output valve permits the gas to leave the bag when 
squeezed 1 0 directing the flow of gas to the patient through a facemask, 
or other airway adjunct. 

The output valve opens when the inflated bag is squeezed, and self 
seals when the bag is permitted to recoil naturally. The output valve 
when sealed diverts the exhausted gas from the patient out through an 
expiratory port on the valve housing. As a result of cyclical manual 
squeezing and recoil of the balloon, gas is... 

. . . October 

1986;15:1187-1192; Stone B.J. et al, The Incidence of Regurgitation 
During Cardiopulmonary Resuscitation : 4 Comparison Between the Bag 
Valve Mask and 



Laryngeal Mask Airway Resuscitation 38 (1998) 3-6; Elling, B.A. et . . . 
.Ventilation, Am. J. Emerg. Med. 1988/6:333-336; Manoranian, C.S. et al, 
Bag- Valve -Mask Ventilation; Two Rescuers Are Better Than One: 
Preliminary Report, Critical Care Medicine, 1985;13:122-123; Lande, S. et 
al, Comparing Ventilatory Techniques During CPR, J.E.M.S. May 1982; 
Harrison, R.R. et al, Mouth-to-Mouth Ventilaion: A Superior Method 
ofRescue Breathing, Ann. Emerg. Med., 11:74776, February 1982]. 

Add-i-t-i-ona-l-l-y-,— the— requirements— of_v.en.tila.ti.on_hay_e_ i _,_ J 

.care situations that tend to reduce the attention and level of care 
directed to ventilation techniques . 

While normal breathing requires muscle action (diaphragm, intercostals 

and others) to 

3 

produce a negative pressure ( subatmospheric or vacuum ) within the 
chest to draw air into the lungs , artificial ventilation is 
accomplished by forcing air or oxygen into the lungs under an external 
positive pressure. 

The positive pressure required to deliver a set volume (tidal... 
.a patient is dependent on two factors : (1) the compliance, stiffness or 
elasticity of the lung , and (2) the resistance to gas flow within the 
conducting airways. For example, a llstiff 1 lung that is damaged by 
pulmonary fibrosis, disease or trauma requires a higher pressure to 
deliver a set tidal volume than a normal elastic lung . Similarly, gas 
will encounter less resistance through a normal airway that is not 
narrowed by bronchospasm or asthma, kinked by a poor airway opening 
technique , or plugged with blood, mucous, vomit or other debris. 

As a result, manual and automatic ventilation techniques must 
accommodate a range of pressures. With a common tidal volume of gas that 
is delivered, the patient's lung and airway condition will determine 
the pressure needed to ventilate the patient. 

However, there is a safe upper limit to the pressures that can be used to 
prevent lung damage. The danger of pneumothorax or lung rupture due 
to excessive pressures is considered to occur between 75 and 85 
cmH20Regarding the. . . 

..200 litres/minute at pressures of 100 
4 

cmH20 are commonly delivered when fully trained emergency medical 
personnel use the manual ventilating techniques involving Bag - Valve 
-Masks and mouth-to-mouth resuscitation, with patient isolating valves 
on pocket masks and face shields. 

The problem in the emergency medical service field is... 

..that they are competent in using the manual devices and that the manual 
devices and methods themselves are efficacious. Many technicians claim 
that the manual "feel" of the BVM allows them to make clinical judgements 
on the patient's lung condition. In reality what they are feeling is 
the backpressure created by the high flow. . . 

..reality during literally life and death situations the operators are 
constantly 
5 



preoccupied. The bag- valve -mask requires almost continuous contact with 
one hand of the user and thereby imposes extreme... 



.722,394 to Loescher shows an example of a BVM including a high pressure 
exhaust valve . U.S. Patent No. 5,537,998 to Bauman provides a spring 
loaded piston which. . . 
.the invention below. 

6 

-DISCLOSURE_OF._THE_INVENTI_ON_ 



The invention relates to an improved bag- valve -mask (BVM) device with 
flow control valve to eliminate the danger of patient distension and 
aspiration of stomach contents during ...patient face sealing edge, 
flexible manually squeezed bag with a one way intake and output valves 
in flow communication with a gas source and the mask inlet, and exhaust 
port for exhausting exhaled gas from the mask when the bag output valve 
is closed. The flow control valve is interposed between the mask and 
bag to automatically and variably limit the rate of... 

. .with reference to the 
accompanying drawing wherein. 

Figure I is a view of a Bag- Valve -Mask where a patient ventilated by 
the 

operator and the gas flow is controlled with a flow control valve 
located in a modified neck bushing disposed between the bag and the mask, 
the flow control valve having a f rusto-conical valve plug slidably 
biased to the right and moved to the left to restrict the gas flow 
through the valve in response to gas flow impinging on the upstream 
surface of the valve plug. 

Figure 2 is a longitudinal section view through the flow control valve 
with sliding valve stem, spring loaded f rusto-conical piston and 
f rusto-conical inlet chamber serving as a valve seat. 



Figure 3 is a perspective view of a face shield with a flow control 
valve in accordance with a second embodiment of the invention disposed 
within the tube extending through... 



. . sheet . 

Figure 4 is a perspective view of a face shield with a flow control 
valve in accordance with a third embodiment of the invention disposed 
within the tube extending through... 

..DESCRIPTION OF PREFERRED EMBODIMENTS 
Figure 1 shows the general arrangement and use of a bag- valve -mask 
device I also known as a BVM. The invention centres on a simple but 
valuable modification to the conventional BVM by insertion of a flow 
control valve 7 between the patient mask 2 and the bag 3. Details of 
one embodiment of flow control valve 7 are shown in Figure 2. 

15- 

A similar flow control valve 7 can be included in any manual 
resuscitation device such as a pocket mask 23... 

..squeezes and releases the flexible bag 3 to pump gas through a one way 
intake valve 4 from a breathable gas source, through a one way output 
valve 6 in flow communication with the mask 2. Exhaust ports 5 exhaust 



exhaled gas from the mask 2 when the bag output valve 6 is closed. 



The flow control valve 7 is disposed in flow communication between the 

mask 2 and 

8 

bag 3 for . . . 

..the bag 3 is deflated to the same degree for each breath. The flow 
control valve 7 controls the rate or speed (for example in units of 

— 1-i-t-r-e s- per— minute-)— o f- .-. — 

..size hands, varying strength, varying skill etc. 

As shown in Figure 2, the flow control valve 7 includes a housing 8 
with control valve inlet 9, control valve outlet 10 and an orifice 12 
therebetween. Gas flow sensor surface 14 senses the impingement of gas 
flowing from with the valve inlet 9 and the resultant sliding of the 
valve plug I I against the bias of spring 18 serves to automatically 
restrict gas flow... 

..the plug I 1. Other means to sense the gas flow besides a spring loaded 
valve plug 1 1 can be provided but at higher cost than the simple device 
illustrated such as: a flexible diaphragm; pneumatic pressure sensing 
valves ; rotating flow meter propellers; and electrical gas flow sensors. 

As shown in Figure 2 a... 

..inexpensive means to automatically variably restrict the orifice 12 can 
be constructed using a conical valve seat 12 and movable conical valve 

plug 1 1 with a gas flow impingement surface 14 and a valve seat 
mating surface 22. The plug 1 1 is normally biased away from the valve 
seat 12 by the spring 18 and is urged toward the valve seat 12 by gas 
flow against the flow impingement surface 14. 

To mount the plug 1 1 within the housing 8 a bulkhead 14 is included 
downstream of the valve seat 12. The bulkhead 14 includes perforations 
16 that can be sized to ensure that at all times a minimum gas flow is 
permitted to pass through the valve 7 when the plug 1 1 is moved to 
it's farthest point. The spring and motion limiter 21 serve to prevent 
complete closure of the gas flow control valve and always permit a 
9 

minimum gas flow to pass through. 

The plug 1 1 is mounted to an upstream end of a valve stem 13 and the 
valve stem 13 is slidably mounted within a through bore 17 in the 
bulkhead 14 with the spring 18 disposed about the valve stem 13. between 
the plug 14 and bulkhead 14. The valve stem 13 preferably includes a 
retainer 19 downstream of the bulkhead 14 for preventing removal... 

...surface 20, as does the motion limiter 21. Both surfaces 20 are disposed 
on the valve stem 13 a selected distance from the bulkhead 14 for 
limiting the range that the stem 13 can slide within the bore 17. The 
valve stem 13 and bulkhead bore 17 preferably have a clearance space 
disposed therebetween sufficient to allow lateral motion of the valve 
plug I 1 relative to the valve seat 12. Such clearance not only ensures 
that the stem 13 will not unintentionally bind. . . 

...also allows the plug I 1 to be self -centring and prevent binding of the 
valve seat 12 and plug surface 22. 

1 5 

With regard to the second embodiment shown in Figure 2, the same flow 



control valve 7 is adapted to use' with a face shield 24. The face 
shield 2 4 has ... 

.contamination. Since conventional face shields include a tube 26 usually 
with a one-way intake valve (not shown) and patient exhalation valve 
(not shown) , the invention may be easily adopted for use with a face 
shield 24 by including the flow control valve 7 housed within the tube 
26. 

With re g ard to the thi r d embodime nt sh own in F i gure 3, th e same flow 
control valve 7 is adapted to use with a pocket mask 23. The pocket 
mask 24 has ... 

.loss. Since conventional pocket masks include a tube 31 usually with a 
one-way intake valve (not shown) and patient exhalation valve 33, the 
invention may be easily adopted for use with a pocket mask 23 by 
including the flow control valve 7 housed within the tube 3 1. 
Further embodiments not illustrated include positioning the flow control 
valve 7 within a manually ventilated endotracheal tube that is inserted 
directly into the patient's... 

.operator mouthpiece on the protruding end into which the operator 
breathes or attaches a bag- valve -mask device to ventilate the 1 0 
patient. The use of any manually operated ventilation device can be 
improved by controlling the gas flow rate with a flow control valve as 
described herein. 

Although the above description and accompanying drawings relate to a 
specific -preferred. . . 

aim 

from the gas inlet to the patient airway, the interface having 
a one way intake valve downstream of the gas inlet; and 
flow control means disposed in flow communication between- the... 

.claim 1 wherein the patient interface is selected from the group 
consisting of. a bag- valve -mask device; a pocket mask device wherein 
the patient interface comprises a patient mask with... 

.patient mouthpiece. 3 . A manually operated resuscitation device 
according to claim 2 wherein said 
bag- valve -mask device comprises: 

a patient mask having a gas inlet and a patient face sealing edge; 
a flexible bag having a one way intake valve in flow communication with 
a gas source and a one way output valve in flow communication with the 
mask inlet; 

exhaust port means in flow communication with the patient mask for 
exhausting exhaled gas from the mask when the bag output valve is 
closed; and 

said flow control means disposed in flow communication between the mask 
and. . . 

.device according to claim 1 wherein the 
■ 12 

flow control means comprise: 

a flow control valve housing with control valve inlet, control valve 

outlet and 
an orifice therebetween; 

a gas flow sensor in flow communication with the valve inlet; and 
orifice restriction means controlled by the gas flow sensor for 
automatically restricting gas... 



..gas 1 0 flow sensor is .selected from the group consisting of- a spring 
loaded valve plug; a flexible diaphragm; pneumatic pressure sensing 
valves ; rotating flow meter propellers; and electrical gas flow sensors. 

6 A manually operated resuscitation device according to claim 4 wherein 
the orifice restriction means comprise a valve seat and movable valve 
plug. 

7 A manuall y oper ated resuscitation dev ice a cc ording t_o_ claim 6 wh erein 
the plug includes a gas flow impingement surface and a valve seat 
mating surface, the plug being biased away from the valve seat and 
urged toward the valve seat by gas flow against the flow impingement 
surface. 

8 A bag- valve -mask device according to claim 6 wherein the housing 
includes a bulkhead downstream of the valve seat, the bulkhead 
including at least one perforation; and wherein the plug is mounted to an 
upstream end of a valve stem, the valve stem is slidably mounted 
within a through bore in the bulkhead with a spring disposed about the 
valve stem between the plug and bulkhead. 

9 A bag- valve -mask device according to claim 8 wherein the valve stem 
includes a retainer means downstream of the bulkhead for preventing 
removal of the stem from the bore. 

1 3 

. A bag- valve -mask device according to claim 9 wherein the retainer 
means comprise a shoulder with bulkhead abutting surface. 

.11 A bag- valve -mask device according to claim 8 wherein the valve 
stein 

includes a motion limiting means disposed on the valve stem a selected 
distance from the bulkhead for limiting the range that the stem can slide 
within the bore. 

12 A bag- valve -mask device according to claim 1 1 wherein the motion 
limiting means comprise a shoulder with bulkhead abutting surface. 

I 0 

13 A bag- valve -mask device according to claim 7 wherein the valve 
seat and valve seat mating surface are conical surfaces. 

14 A bag- valve -mask device according to claim 8 wherein valve 
stem ' and 

1 5 bulkhead bore have a clearance space disposed therebetween sufficient 
to allow lateral motion of the valveO plug relative to the valve seat. 
14 
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Detailed Description 

Claims 

English Abstract 

The invention provides systems , and methods for ventilating a patient 
in association with cardiopulmonary resuscitation procedures . In one 
exemplary embodiment, a system (10) comprises a ventilator (12) to 
periodically supply respiratory gases to a patient's lungs . A sensor 
(14) is provided to detect chest compressions by sensing changes in 
intrathoracid pressure. A controller (38) is coupled to the sensor, and 
controls actuation of the ventilator after a predetermined number of 
chest compressions have been detected by the sensor. 

French Abstract 

. ..et des procedes de ventilation d'un patient associes a des 
interventions de reanimation cardio- pulmonaire . Dans une forme de 
realisation exemplaire, un systeme (10) comprend un ventilateur (12) 
qui approvisionne periodiquement les poumons du patient en gaz 
d' inhalation. Un capteur (14) detecte les compressions thoraciques 
par les variations de la pression intrathoracique . Un controleur (38) 
est couple au capteur et commande le declenchement du ventilateur apres 
qu'un nombre preetabli de compressions thoraciques ait ete detecte 
par le capteur. 

Detailed Description 

CARDIOPULMONARY RESUSCITATION VENTILATOR AND " 

METHODS 
BACKGROUND OF THE INVENTION 
1. Field of. the Invention 

The:present invention relates generally to the field 
of cardiopulmonary resuscitation. In particular, the 
invention relates to devices and methods for ventilating a 



patient in association with cardiopulmonary resuscitation 
procedures . WO 00/20061 PCTIUS99/23233 

2 

periodic ventilation of the patient. This is commonly 
accomplished by mouth-to-mouth technique or by using positive 
pressure devices, such as a self -inflating bag which relies on... 

. s endotracheal tube or other artificial airway. 
In order to increase cardiopulmonary circulation 

induced_b.y chest compression.. ,_._a_ technique referr ed to as 

active compression - decompression @ (ACD) has been developed. 

According to ACD techniques •, the active compression phase of 
traditional CPR is enhanced by pressing an applicator body 
against the patient's chest to compress the chest . Such an 
applicator body is able to distribute and apply force 
substantially evenly over a portion of the patient's chest . 

More importantly, however, the applicator body is sealed 
is against the patient's chest so that it may be lifted to 
actively expand the patient's chest during the decompression 
step. The resultant negative intrathoracic pressure induces 
venous blood to flow into the heart and lungs from the 
peripheral venous vasculature of the patient. 

other techniques for increasing cardiopulmonary 

circulation while performing CPR include impeding airflow into 

the patient's lungs during decompression of the patient's 

chest . Such techniques are described in U.S. Patent Nos . 
S, 551, 420 and S, 692, 498, and... 

.references are herein incorporated by reference. In 
one particular embodiment, airflow into the patient's chest is 
impeded by placing a pressure-responsive valve in the 
patient's airway. The valve prevents the flow of air into the 
patient's lungs during the decompression phase until a 
threshold negative intrathoracic pressure is reached. At this 
point, the valve opens to allow airflow to the patient's 

lungs . Hence, when the valve is closed, the amount of 
negative intrathoracic pressure is increased, thereby 
3S enhancing the amount of venous blood flow to the heart and 

lungs . 

When performing CPR, there is a need to periodically 
ventilate the patient. Some common techniques include mouth 
to-mouth ventilation, ventilatory bags, and ventilation 
machines. However, as of yet there has been no effective and 
convenient way to coordinate the timing of ventilation with 
the chest compressions . For example, if mouth-to-mouth 
resuscitation is provided, the rescuer must count each chest 

compression , stop chest compressions when a predetermined 
number of chest compressions have been performed, manually 
ventilate the patient with the rescuer's mouth, and then 
return to performing chest compressions . Similar problems are 
experienced when using ventilatory bags. Moreover, with many 
manual ventilation techniques , it is difficult, if not 
impossible, to precisely control the timing and volume of air 
delivered to the patient. 



Hence, it would be desirable to provide methods and 
is devices for ventilating a patient in associat ion-with 
cardiopulmonary resuscitation procedures . It would be 
particularly desirable to provide a way to easily and 
conveniently coordinate the timing of chest compressions with 
ventilation. It would be further desirable to precisely 
control the volume of respiratory gases... 

.Patent l@os. 5,551,420 and 5,692,498, previously 

incorpo rated by reference d e scri be . tech niqu e s f or preventi ng 

airflow to the patient's lungs during the decompression phase 
of CPR. 

ACD-CPR techniques are described in detail in Todd 
J. Cohen et al-., Active Compression - Decompression 
Resuscitation: A Novel Method of Cardiopulmonary 
Resuscitation, American Heart Journal, Vol. 124, No. 5, pp. 

1145-1150, November 1992; and Todd J. Cohen et al., Active 

Compression - Decompression : A New Method of Cardiopulmonary 
Resuscitation, The Journal of the American Medical 
Association, Vol. 267, No. 21, June 3, 1992. These references 
are hereby incorporated by reference. 

The use of a vacuum -type cup for actively 

compressing and decompressing a patient's chest during ACD- CPR 
is described in a brochure of AMBU International A/S, 
Copenhagen, Denmark, entitled ' Directions for Use of AMBUO 
CardioPump', published in September... 

.These references are hereby incorporated by 
reference . 

SUMMARY OF THE INVENTION 

The invention provides exemplary systems and methods 
for ventilating a patient in association with cardiopulmonary 
resuscitation procedures . In-one exemplary embodiment, a 
ventilation system comprises a ventilator to periodically 
supply respiratory gases to a patient's lungs and a sensor-to 
is detect chest compressions . A controller is coupled to the 
sensor and controls actuation of the ventilator after a 
predetermined number of chest compressions have been detected 
by the sensor. Hence, such a system provides a convenient and 
easy way to coordinate ventilation with chest compressions by 
simply sensing when the patient's chest has been compressed 
and periodically ventilating the patient after a predetermined 
number of chest compressions have been detected. Preferably, 
the controller is configured to actuate the ventilator to 
supply respiratory gases to the patient once about every 2 to 
about 10 chest compressions , with adults typically-receiving 
about one ventilation for about every 5 chest compressions . 

The invention includes various ways to detect when 
the patient's chest has been compressed . For example, in one 
particularly preferable aspect, the system includes a valve 
which is placed in the patient's air way. The sensor is 
disposed so as to be able to detect the flow of respiratory 
gases through the valve upon compression of the chest . In 
this manner, an easy way is :provided to detect chest 
compressions simply by sensing the flow of respiratory gases 



through the valve . In one particular aspect, the sensor 
comprises a strain gauge that is strained as respiratory gases 
flow through the valve , and a resistance sensing circuit to 
sense a change in resistance of the strain gauge when 
strained. Such a sensor is particularly advantageous when the 

valve includes a diaphragm, such as the diaphragms provided in 
the threshold negative intrathoracic pressure valves described 
in U.S. Patent Nos . 5,551,420 and 5,692,498, previously 
incorporated. . . 

7 the ~~d"iaphra gm — m o ves 

duo to gases exiting the patient, the strain gauge is 
strained . 

other techniques for detecting chest compressions 

include sensing intrathoracic pressure changes in the 
patient's airway, sensing when an external force has been 
applied to the patient's chest , such as with a load cell or 
strain gauge positioned on the patient's chest , by sensing an 
impedance change in the chest wall, and the like. Sensors 
that may be employed to detect such parameters include 
pressure. . . 

, . spirometers, 

thermistors, pneumotachometers , capacitative sensors, and the 
like. 

During at least a portion of the decompression 
phase, respiratory gases are preferably prevented from 
entering into the patient's lungs . An occlusion mechanism is 
preferably employed to occlude the patient's airway during the 
desired portion of the decompression phase. The occlusion 
mechanism may be adjustable so that it will open at a pre-set 
pressure level. In. this way, when a threshold negative 
intrathoracic pressure level is reached or exceeded during 
decompression , the occlu sion mechanism is actuated to allow 
respiratory gases to enter into the patient's lungs . 

Actuation of the occlusion mechanism may be directly 
caused by the negative intrathoracic pressure within the 
patient, such as with a threshold valve as described in U.S. 
Patent Nos. 5,551,420 and 5,692,498, may... 

.s airway, or may be actuated by 

the controller at delayed time intervals after a chest 

compression has been sensed. In the event that a sensor 
detects that spontaneous breathing has occurred. . . 

.the occlusion 

mechanism so that respiratory gases' are free to flow to the 
patient's lungs . other exemplary occlusion mechanisms that 
may be employed by the invention include airways that are 
closed using a rotary cam wheel, using a linear actuator with 
a compression member or a pair of caliper arms, and the like. 

In one particular aspect,, chest compressions are 
performed manually. Alternatively, chest compressions may be 
performed using an automated compression mechanism, such as 
the one described in U.S. Patent No. 4,397,306, the... 



.of which is herein incorporated by reference. 



In another particular aspect, the ventilator 

comprises a compressible member, such as a bag, and a 

compression 0 mechanism to compress the member. Alternatively,, 
a cylinder with a piston may be employed. In this way, the... 

..gases supplied to the patient may be 
is precisely controlled by controlling the amount of compression 
of the member or the size of the cylinder and the stroke of 



the piston . . 
. . timing 

circuit that may be employed to regularly actuate the 
ventilator during times when regular chest compressions are 
not being performed. In this way, the patient may be 
ventilated once CPR is stopped. In still another aspect, the 

system further includes a power supply to supply power to the 
controller and the ventilator. In this way, the system may be 
configured to be portable so as to facilitate its use in 
emergency procedures . 

In yet another aspect, the system includes at least 
one feedback sensor that is coupled to the controller. The 
feedback sensor. . . 
.the sensor may 

comprise an oxygen sensor, a carbon dioxide sensor, a 
temperature sensor, a chest compression force sensor, a depth 
of chest compression sensor, a chest compression pressure 
sensor, a pH sensor, and the like. Optionally, actuation or 
timing of the ventilator... 

.on the state of the 

various physiological parameters. 

In still yet another exemplary aspect, the system 
includes a control panel having a mode control to change the 
operational mode of the ventilator. As one example, the mode 
control may include a compression detect mode where the 
ventilator is actuated after a predetermined number of chest 

compressions have been detected by the sensor. The mode 
control may also include a manual ventilation... 

. as previously . 

described so that the patient may be ventilated at regularly 
timed intervals when chest compressions are not being 
performed . 

The control panel may also include a threshold 

compression control which is used to vary the sensitivity 
level of the sensor. The control panel... 

.of 

respiratory gases supplied to the patient. Optionally, the 
control panel may further include a compression counter. 

display which displays the number of detected chest 

compressions . A compression detector display may also be 
p@rovided-to display when each chest compression has been 
detected. Still further, the control panel may include a 
ventilation indicator to indicate... 



..The control panel may also indicate the amount of 
pressure or force applied to the chest . This may be 
accomplished by displaying a number or a waveform 
demonstrating changes in compression , force, or pressure over 
time. 

In another exemplary embodiment, the invention 
provides a method for performing cardio- pulmonary 
resuscitation. According to the method , a patient's chest is 
repeatedly compressed"" "Each ~ chest Compression" Ts~ "dete ~ct ed _ 
using a sensor which is coupled to a controller. The patient 
is periodically ventilated after a predetermined number of 

chest compressions have been detected. In this way, the 
timing of patient ventilation may be coordinated with the 
number of chest compressions by sensing changes in 

intrathoracic pressure that are caused by chest compression . 

Detection of chest compressions may be performed in 
a variety of ways. For example, chest compressions may be 
, detected by sensing changes in intrathoracic pressure, by 
sensing air flowing through the patient's airway, by sensing 
when an external force is applied to the patient's chest , by 
sensing impedance changes in the chest wall, and the like. In 
one particular aspect, the change in intrathoracic pressure is 
sensed by placing a valve in the patient's airway and sensing 
when respiratory gases flow through the valve . 

In one particular aspect, respiratory gases are 
prevented from flowing to the lungs with the valve until a 
threshold negative intrathoracic pressure is exceeded, at 
which time the valve opens to allow the respiratory gases to 
flow to the lungs . In another alternative, respiratory gases 
are prevented from flowing to the lungs using other occlusion 
mechanisms which operate based on signals received from the 
controller. In this... 

..the occlusion mechanisms when it is desired to allow 
respiratory gases to flow to the lungs . 

In another aspect, a compressible bag is 

mechanically compressed to ventilate the patient. The bag may 
be automatically compressed after a predetermined number of 
chest compressions have been detected, or may be manually 
actuated by the rescuer. In one aspect, compression of the 
patient's chest is stopped after cardiac function has been 
restored, and the patient is ventilated at regular intervals. 

In still yet another aspect, at least one 

physiologic parameter is sensed while performing chest 

compressions . Such parameters may include, for example, 
oxygen, carbon dioxide, temperature, pH, and the like. The... 
. . one or 

more of these parameters. Conveniently, a visual signal may 
be produced when each chest compression has been detected. In 
another option, the number of chest compressions may be 
counted and displayed for viewing by the rescuer. Also, an 
indicator may be... 



. ventilated. 



In yet another embodiment, the invention provides an 
exemplary ventilation device which comprises a compressible 
bag and a mechanical compression mechanism which may be 
operated to compress the bag. A coupling member is attached 
to the bag to couple the bag to a patient- ., I . s airway. 

In one particular aspect, the mechanical compression 
mechanism comprises a plunger having a rack, a stepping motor, 
alld - a - pim"oh"^uplW"tT6 

Alternatively, the compression mechanism may comprise a 
plunger and a compressed air cylinder to move the plunger. 
Preferably, a threshold valve is disposed in the coupling 
member and is configured to open when experiencing a threshold 
negative intrathoracic pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.'l is a schematic view of an exemplary 

ventilator which is coupled to a valve having a sensor to 
detect chest compressions by sensing changes in intrathoracic 

pressure according to the invention. 

Fig. 2 illustrates an exploded view of the valve of 
Fig, 1. 

Fig. 2A illustrates a diaphragm of the valve of Fig. 
2 without expiratory pressure being applied. 
Fig. 2B illustrates the diaphragm of Fig... 
, .1 showing a rack and pinion that is 

employed to move a plunger against a compressible bag to 
deliver inspiratory gases through the valve according to the 
invention . 

Fig. 3A illustrates the ventilator of Fig. 1 having 

an air cylinder and plunger to compress the compressible bag 

according to' the invention. 

Fig. 4A is a side view of the ventilator of Fig. 1 
illustrating a circuit board and motor or air cylinder access 
compartment and a compressible bag detach compartment. 

Fig. 4B is a front view of the ventilator of Fig..l... 

.the ventilator of Fig. 1. 

10, Fig. 7 is a schematic diagram of an alternative 

system for detecting chest compressions according to the 
invention . 

Fig. 8A illustrates a rotary cam wheel airway 
occlusion mechanism according... 

.to close an airway lumen. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The invention provides exemplary systems and methods 

for ventilating a patient in association with cardiopulmonary 



resuscitation procedures . In a broad sense, the invention 
provides. for the coordination of patient ventilation with 

chest compressions . Such coordination is preferably 
accomplished by sensing each time the chest is compressed and 
counting the number of compressions . After a predetermined 
number of compressions have been performed, a ventilator is 
actuated to ventilate the patient. Preferably, chest 

compressions are sensed by detecting a change in intrathoracic 
pressure while performing CPR. Each time the patient's chest 

is com pressed , t he intratho racic pressure in the patient 

significantly increases. Such an increase may be detected and 
related to a chest compression . 

In one particularly preferable aspect, the change in 

intrathoracic ■ pressure is sensed by detecting the flow of . 
respiratory gases from the patient's lungs during chest 

compressions one particularly preferable way to detect when 
respiratory gases exit the patient's lungs is by placing a 

valve in the patient's airway and detecting the flow of 
respiratory gases through the valve . As one example, the 

valve may comprise a threshold valve having a diaphragm which 
opens when respiratory gases exit the patient's lungs as 
described generally in U.S. Patent Nos . 5,551,420 and 
5, 692, 498. . . 

..a strain gauge, pressure sensor, optical sensor, or 
the like, may be disposed in the valve to detect when the 
diaphragm opens. Information from the sensor is then employed 
to count the number of chest compressions . Another sensor 
that may be employed to detect a change in intrathoracic 
pressure is a pressure sensor that is disposed in the 
patient's airway, other sensors that may be employed to 
detect when the chest has been compressed include sensors 
which directly detect when an external force is applied to the 

chest . For example, a compression pad which is placed on the 
patient's chest may include a sensor, such as a strain gauge 
or a load cell, which generates a signal each time the pad is 

compressed . These signals are sent to the controller to 
actuate the ventilator. As another example, the compression 
pad may be filled with fluid' . A pressure transducer may then 
be employed to detect when the pad has been compressed . As 
another alternative, a change in impedance of the chest wall 
may be sensed to indicate that the chest has been compressed . 

The ventilators of the invention are preferably 
configured to supply a precise amount of respiratory gases to 
the patient's lungs during each delivery. In one particularly 
preferable embodiment, the proper volume of respiratory gases 
are produced by compressing a compressible bag by a known 
amount. For example, a plunger may be moved against the 

compressible bag by a known distance to produce a precise 
amount of respiratory gases. 

In another. . . 

.determined by a 

controlled preset rate. This mechanism is advantageous to 
accommodate changes in patient lung compliance and decrease 
the overall work of ventilation during CPR. 



In another particularly preferable embodiment. 



..be transported to any given location where 

medical assistance is needed. In some cases, the compressible 
bag may be configured to be removed from the ventilator so 
that manual ventilation may. . . 

. . it is 

desirable to have the ventilator actuated once about every 2 
to" about— 1"0 chest compressions to" proper Iy~^ventTIa"fe — 1: h~e~ — 
patient. Once cardiac function has been restored, the 
ventilator may be... 

..coupled to various other sensors to monitor various 
physiologic parameters of the patient during the procedure . 

For example, such sensors may include oxygen sensors, carbon 
dioxide sensors, temperature sensors, chest compression force 
sensors, depth of chest compression sensors, chest compression 
pressure sensors, pH sensors and the like. 

Referring now to Fig. 1, an exemplary embodiment of 

a ventilation system 10 will be described. System 10 includes 

a ventilator 12 which is coupled to a pressure responsive 

valve system 14 by a tube 16. Although not shown, it will be 
appreciated that valve system 14 will be attached to ...by the 
invention include facial masks, 

endotracheal tubes, laryngeal mask airways, and the like. 

Exemplary valve systems that may be employed include those 
described in U.S. Patent Nos . 5,541,420 and 5,692,498, 
previously incorporated by reference. However, it will be 
appreciated that other valves may be employed with . vent ilator 
12. As described in greater detail hereinafter, valve system 
14 includes a sensor to detect changes in intrathoracic 
pressure, and more particularly to detect when respiratory 
gases exit the patient's lungs . This information is 
transferred to ventilator 12 which counts the number of chest 
compressions and automatically supplies respiratory gases to 
the patient after a predetermined number of chest compressions 
have been counted. 

Referring now to Fig. 2, construction of pressure 
responsive valve system 14 will be described in greater 
detail. Valve system 14 comprises a housing 18 having an 
inlet end 20 and an outlet end 22. A flow control valve 24 is 
disposed in housing 18 to control the flow of air or 
respiratory gases... 

.gases through housing 18 is as follows. When 
respiratory gases are forced from patient's lungs , the 
respiratory gases are free to flow through outlet end 22, 
through housing 18 and... 

.diaphragm 28 is lifted to allow the respiratory gases to flow 
through outlet end 22. 



Valve system 14 further includes a pressure 
responsive valve (not shown) within a side intake 32. To 



increase the magnitude and extent of negative intrathoracic 
pressure within the patient during the decompression phase of 
CPR, the pressure responsive valve within side intake 32 is 
configured to open only after a threshold negative 

intrathoracic pressure level is exceeded. In this way, 
respiratory gases are prevented from flowing through housing 
18 by diaphragm 28 during the decompression phase. Hence, the 
only way for respiratory gases to enter into the patient's 

lungs (if ventilations are not provided) is through the 

press ure responsiv e val ve insi de in take 32 sim ilar to the 

"embodiments described in U.S. Patent No. 5,692... 

. . .previously 

incorporated by reference. 

In the event that the patient begins spontaneous 
breathing, flow control valve 24 may be turned 90 degrees 
clockwise to align arrow 26 with a second side... 

...such a change in resistance may be detected and 

used as an indicator that the intrathoracic pressure within 
the patient's chest has changed. In turn, such information 
may be used as an indicator that a chest compression has 
occurred. The construction of such strain gauges is well 
known within the art, and... 

...34 in combination with a Wheatstone-bridge 

is particularly advantageous in that the sensitivity of system 
10 may be precisely controlled to accommodate patients having 
a variety of thoracic morphologies. Although the sensor that 
is employed to' detect airflow through housing 18 is a... 

...42 is provided to facilitate transport of ventilator 
12. 

Disposed in housing 36 is a compressible bag 4 4 

which is coupled at one end to a pair of input ports 4 6 and 

48, which are employed to supply various respiratory gases to 

compressible bag 44. Merely by way of example, input port 46 
may be coupled to an. . . 

. . . input port 48 is 

coupled to an oxygen source. Coupled to the other end of 
compressible bag 4 4 is an output port So through which 
inspiratory gases are supplied to the... 

...50 is coupled to tube 16. Ventilator 

includes a plunger 52 which is employed to compress bag 44. 

Plunger 52 is moved up and down by stepping-motor 54 which is...p 
in a clockwise direction to move 

plunger 52 downward until bag 4 4 is compressed . After 

compression , stepping motor 54 is reversed causing source 
pinion 56 to rotate in a counterclockwise direction... 
...lifting plunger 52.. Hence, by coupling plunger 52 to stepping 
motor 54, the amount of compression of bag 44 may be precisely 
controlled. In this way, a precise volume of respiratory. . . 

, ..and an outlet port 70. Ports 68 and 70 are in turn coupled to 
a compressed air tank 72. When inlet port 68 is opened and 
outlet port 70 is closed, compressed air from tank 72 moves 



plunger 52 downward to compress bag 44. To lift plunger 52, 
inl et port 68 is closed and outlet port... 

..that is delivered,to the patient. A variety 
of other mechanisms may be employed to compress bag 4 4 
including caliper arms, cams, and the like. Further, it will 
be appreciated ' that .. . 

..12 will operate from power supplied by the NiCd battery. 

~0n e~ "impor t"a Tit" ' f ea ture of~ vent"! laOTon syst em TO" is - 
that the rechargeable battery may be recharged when not in use 
simply by. . . 

..the "off" position. 

This allows the rechargeable battery to be charged and fully 
functional for remote emergency operations. 

Housing 36 is preferably constructed of a durable 
non-metallic material that is... 

..preferable waterproof and noncorrosive to enable to withstand 

various regional climates. In this way, ventilation system 10 
will be useful in a wide variety of locations where emergency 
operations may be performed. 

As best shown in Fig. 4A, ventilator 12 includes a 

compressible bag compartment 80 and a circuit board and motor 
drive compartment 82. Doors 84 and... 

. . to allow 

access into compa rtments 80 and 82, respectively . , As shown in 
Fig. 4A, compressible bag 44 is detachable from ports 4 6, 48 
and 50 (see Fig. 1). In this way, bag 44 may be removed from 
ventilator 12 and used manually in connection with valve 

system 14. Such an arrangement may be useful during 
situations where ventilation system 10 is used remotely and 
the rechargeable battery has been depleted. In such a case, 
bag 4 4 is simply removed from compartment 80 and attached to 

valve system 14 which in turn is coupled to the patient's air 
way. Bag 44 is . . . 

..position. When in the "on" 

position, electrical power is supplied to the various 
components of system 10. Control panel 38 further includes a 
mode control 88 which may be moved between three positions to 
place ventilation system 10 in a manual mode, a compression 
detection mode or an automatic mode. When in the manual mode, 
a user may manually. . . 

.supplied to the patient 

through inspiratory gas port 50 (see Fig. 4A) . 

When in the compression detect mode, ventilation 

system 10 is configured to automatically detect and count the 
number of chest compressions . Ventilator 12 then 
automatically ventilates the patient through inspiratory gas 
port 50 at a preselected compression to ventilation ratio. 
This ratio may be adjusted by moving a compression /ventilation 
control 92. By way of example, compression /ventilation 



control 92 may be ...has been restored 
but the patient still requires ventilation. 

Control panel 38 further includes a compression 
threshold control 96 which may be adjusted to adjust the 
sensitivity of the strain gauge... 

..previously described. In this way, the 
sensitivity may be adjusted to accommodate various levels of 
intrathoracic expiratory pressures during CPR chest 
compressions . The threshold is adjusted by operating 
compression threshold control 96 which allows for maximum 
sensitivity without signal saturation to accurately detect 
changes in intrathoracic pressure. Compression threshold 
is control 96 is a 20-turn, 10,000 Ohm potentiometer that 
controls the . . . 

.patient. Air volume 

control 98 may be manually adjusted to accommodate a diverse 
range of lung capacities. As previously described, the 
precise amount of air or gases are delivered to the patient by 
use of plunger 52 in combination with compressible bag 44. In 
one alternatively, control 98 may also be employed to control 
the pressure . . . 

.the respiratory gases inspired to the 
patient . 

other features of control panel 38 include a 

compression counter display 100 which allows the rescuer to 
view the cumulative number of compressions . Compression 
counter display 100 may be configured to count the total 
number of chest compressions or the number of chest 

compressions between each ventilation. A compression detect 
display 102 is provided to allow the viewer to visualize the 

compression threshold sensitivity. Display 102 reflects the 
signal level from the, transducer amplifying circuit, and 
preferably comprises a bar-graph LED display that grossly 
represents the force of compression , i.e., the greater the 
applied force, the more LEDs that are illuminated. 

When power. . . 
.For example, if 

mode control 88 is set to the compre ssion detection mode, and 
compression /ventilation control 92 is set to 5:1 (1 breath for 

every 5 compressions ) , ventilator ready display 104 will 

illuminate at the fourth chest compression . After the fifth 
compression has been detected, ventilator ready display 104 

will be turned off. A ventilation display 106... 

. when 
actuated . 

Referring now to Fig. 6, a schematic of the 
circuitry employed within ventilation system 10 will be 
described. The circuitry includes a compression sensing 
module 108 which is coupled to the strain gauge that in turn 
is disposed in pressure responsive valve system 14. As 
previously described, compression sensing module 108 
preferably includes a Wheat stone-bridge to detect changes in 



the resistivity of the strain gauge during chest compressions 



The compression sensing module 108 is coupled t-o a compression 
counter/display module 110. Module 110 counts the number of 

compressions sensed by module 108 and optionally displays them 
on compression counter display 100 on display panel 38 (see 
Fig. 5) . 

The circuitry further includes a. . . 

. a-i-r— volume— control — 98— and— which— is , 

employed to actuate the mechanical components employed to 

compress bag 4 4 (see Fig. 3) . These components are 
illustrated schematically as block 114 in Fig... 

.of a capacitor timing 

circuit. This circuit in essence controls the duration that 
plunger 52 compresses bag 44. Since the speed of plunger 52 
is internally set at a constant level... 

.88 of control panel 38 (see Fig. 5). When mode 

control 88 is in the compression detect mode, module 112 will 
send a signal to actuate ventilation after a predetermined 
number of compressions have been counted by module 110. 

Ventilation control module 112 is further coupled. to 

compression /ventilation control 92 so that ventilation control 
module 112 will know the number of compressions that must be 
is performed before a signal is sent to actuate ventilation. 

Also coupled characteristics of chest compression may be monitored. 
For 

example, ventilation system 10 may measure the force at which 

chest compressions are being performed, the pressure being 
applied to the chest , and the depth of chest compression . 

Optionally, such information may be displayed on control panel 
38 (see Fig. 5). This display... 

.display and produce audible 

signals at regular intervals to assist .the rescuer in 
performing regular chest compressions . 

The circuitry further includes a signal control 
module 122 which is used to control logic... 

.display various physiologic characteristics of-the patient, 

including the pressure in the patient's airway, 
compression sensing module 108 is coupled to 
compression detect display 102 to visually display the 

strength of the signal being detected by module 108. 

Compression sensing module 108 includes compression threshold 
control 96 as previously described. By adjusting control 96, 
the sensitivity of the compression detect display 102 may be 
modified. For example, display 102 may illuminate one LED. bar 
when no compressions are being performed and 5 to 10 LED bars 
which a chest compression is applied. 

As one example, prior to the initiation of CPR, and 



with the ventilation system connected to the patient, the 
rescuer adjusts compression threshold control 96 to illuminate 
only one LED bar on compression detect display 102. This 
essentially sets the compression sensing circuitry in module 
108 to represent zero force applied to the chest . Once 

compressions begin, the rescuer may monitor display 102 to 
"grossly" verify that an appropriate amount of force has been 
applied during chest compressions by observing that 5 to 10 
LED bars on compression detect display 102 are illuminated. 
Referring back now to Fig. 1, operation of 

Wnt~iU~a~t~i~on~ system 10 " to - ass is t~in "pe r forming - a - C PR procedure 
will be described. Initially, ventilation system 10 is 
coupled to a patient via a coupling, device, such as a facial 
mask . . . 

. is turned 

is to the on position and mode control 88 is placed in the 

compression detect mode. Compression /ventilation control 92 
is adjusted to the desired compression /ventilation ratio. The 
patient then begins performing CPR as is known in the art. 

When performing chest compressions , compression detect displ 
102 will light and grossly display the force of compression 
each time a compression is detected. Further, compression 
counter display 100 will display the number of chest 

compressions . When the preset number of chest compressions 
have been detected, ventilator 102 supplies a volume of 
respiratory gases to the patient through valve system 14 and 
counter display 100 is reset to zero. The volume of 
respiratory gases supplied. . . 
.90. In 

another option, bag 4 4 may be removed from ventilator 12 and 
coupled to valve system 14 so that ventilations may be 
manually provided to the patient by having the rescuer 
manually squeeze bag 44. 

If the patient begins spontaneous breathing, flow 

control valve 24 (see Fig. 2) may be adjusted so that air may 

freely flow through valve system 14 to the patient's lungs . 

During times when CPR is not being performed and it is still 
desired to ventilate... 

. and 

volume determined by control 98. 

Since ventilator 112 has its own rechargeable 
battery, ventilation system 10 may be used remotely to 
facilitate its use in medical emergencies. Further, by 
providing a way to sense when chest compressions are being 
performed, ventilation may be easily coordinated with chest 

compressions without requiring the rescuer to concentrate on 
counting the number of compressions to ensure that regular 
ventilations are being supplied to the patient. 

Fig.. 7 illustrates an alternative ventilation system 
120 which includes a ventilator 122 which is similar to 
ventilator 12 as previously described. . . 

.to a patient by an airway 124. Also coupled to a 



ventilator 122 is a compression pad 126. Disposed in 

compression pad 126 is a strain gauge or load cell. In turn, 
these elements are coupled to ventilator 122 by a two 
conductor coaxial cable 128. Compression pad 126 is placed 
over the patient's sternum so that when the patient's chest is 
compressed (either manually or using an automated compression 
mechanism) , the strain gauge or load cell generates a signal 
which is transmitted via cable 128 to the ventilator control 
circuitry in ventilator 122. In this way, chest compressions 
may be directly sensed. Ventilator 122 is then employed to 
- pe r-iod-iea-l-l-y— s upply -r e sp-i-ra-tory- ga s e s— t-o— - . : 

. . via 

airway 124 in a manner similar to tha't described in the 
previous embodiment. 

Alternatively, compression pad 126 may be configured 
to be inflated with a fluid, such as air. With this 
arrangement, a pressure transducer is employed to detect 
pressure increases within the air filled compression pad so 
that chest compressions may be directly sensed. In one 
embodiment, cable 128 is replaced with a flexible, hollow... 

.to a pressure transducer 

that is housed within ventilator 122. In this way, when the 

compression pad is compressed , the transducer within 
ventilator 122 detects the increase in pressure. In turn, 
signals genera ted... 

. conducted to 

the ventilator control circuitry. Alternatively, the pressure 
transducer may be held within the compression pad (or another 
compression device) , to detect an increase in pressure within 
the pad during chest compressions . A signal of the pressure 
transducer is then preferably transmitted via a two conductor 
coaxial . . . 

.previously described, it is preferred to prevent 

respiratory gases from flowing to the patient's lungs during 

at least a portion of the decompression phase of CPR. 

Alternative occlusion mechanisms for preventing air from 
entering into the patient's airway during the decompression 
phase are illustrated in Figs. 8A-11B. Such occlusion 
mechanisms may be coupled to the... 

.configured to open and close based 

on information provided by the various sensors when sensing 

chest compressions . For example, the occlusion mechanisms may 
be configured to be closed until a specified time period after 
a chest compression has been detected to insure that 
sufficient time has passed during the decompression phase. At 
this point, the occlusion mechanisms are configured to open to 
allow respiratory gases to flow to the patient's lungs . 

Various sensing mechanisms may also be provided to 
detect when the patient begins spontaneous breathing... 

.mechanisms will be opened to allow the 

free flow of air into the patient's lungs . Further, the 
ventilators may be configured to open the various occlusion 



mechanisms after a predetermined negative intrathoracic 
pressure level has been met or exceeded. In this way, the 
opening pressures of the... 

. . 9B illustrate a linear actuator 
occlusion mechanism 142. occlusion mechanism 142 comprises a 
pair of compression members 14 4 and 14 6 that are disposed on 
opposite sides of an airway lumen 148... 

. . a linear 

actuator 152 — As_il lust rat ed_in_Eig. SB.,— when-linear, -actuator 

152 is actuated, compression member 14 4 is forced against 
airway lumen 148 to close airway lumen 148. 

Figs. 10A. . . 

..Figs 1 . 11A and 11B illustrate a caliper occlusion 
mechanism 158. Caliper occlusion mechanism 158 includes 

compression members 160 and 162 that are disposed between 
airway lumen 164. A pair of caliper... 
.linear actuator 172 is operated, caliper arms 166 
and 168 are brought together to force compression members 160 
and 162 against airway lumen 164. 

Figs. 12A and 12B illustrate a mesh... 

aim 

1 A system for ventilating a patient in 

association with a cardiopulmonary resuscitation procedure , 
the system comprising: 

a ventilator to periodically supply respiratory 
gases to a patient's lungs ; 

a sensor to detect chest compressions ; and 

a controller coupled to the sensor, the controller 

controlling actuation of the ventilator after a predetermined 

number of chest compressions have been detected by the sensor. 

2 A system as in claim 1, wherein the controller 

is configured to actuate the ventilator to supply respiratory 
gases to the patient once about every 2 to about 10 chest 
compressions . 

3 A system as in claim 1, wherein the sensor is 
configured to sense changes in intrathoracic pressure to 
detect chest compressions . 

4 A system as in claim 1, further comprising a 

valve that is adapted to be placed in the patient's airway, 
and wherein the sensor is disposed to detect the flow of 
respiratory gases through the valve upon compression of the 

chest . 

5 A system as in claim 4, wherein the sensor 
comprises a strain gauge which is strained as respiratory 
gases flow through the valve and deflect a diaphragm, and a 
resistance sensing circuit to sense a change in resistance of 
the strain gauge when strained. 

6 A system as in claim 4, wherein the sensor is 
configured to detect an increase in pressure in the patient's 



airway with each chest compression 



7 A system as in claim 4, wherein the valve 

includes a region to prevent respiratory gases from flowing to 
the lungs until a threshold negative intrathoracic pressure is 
exceeded at which time the valve opens' to allow the flow of 
respiratory gases to the lungs . 

8 A system as in claim 1, further comprising a 

chest compression member coupled to the controller, and 
-wherein— the— sensor— i-s- disposed— to -sense-when- -a — compressive — 
force is applied to the chest compression member. 

9 A system as in claim 8, wherein the chest 
compression member comprises a chest pad. 

10 A system as in claim 1, wherein the sensor 

:2 comprises an impedance sensor to sense a change in impedance 

in the chest wall of the patient upon compression of the 
chest . 

11 A system as in claim 1, wherein the ventilator 

comprises a compressible member and a compression mechanism to 
compress the compressible member. 

12 A system as in claim 1, further comprising an 
occlusion mechanism to prevent respiratory gases from entering 
the patient ! s lungs during at least a portion of a 

decompression phase of the cardiopulmonary resuscitation 
procedure . 

13 A system as in claim 12, wherein the occlusion 
mechanism comprises an airway and a threshold valve disposed 
in the airway. 

14 A system as in claim 12, wherein the occlusion 
mechanism comprises an airway and a rotary cam wheel to 

compress the airway. 

15 A system as in claim 12, wherein the occlusion 
mechanism comprises an airway, and a linear actuator and a 

compression member to compress the airway. 

16 A system as in claim 12, wherein the occlusion 
mechanism comprises an airway, and a pair of caliper arms to 

compress the airway. 

17 A system as in claim 12, wherein the occlusion 
mechanism has adjustable operating pressure levels to vary a 
threshold negative intrathoracic pressure level that must be 
excee'ded before the occlusion mechanism will allow respiratory 
gases to flow to the patient' s\ lungs . 

18 A system as in claim 17, wherein the occlusion 
mechanism is coupled to the controller which is configured to 
operate the occlusion mechanism. 

19 A system as in claim 1, further comprising a 
compression mechanism coupled to the controller to compress 

the chest . 



20 A system as in claim 1, further comprising a 
power supply to supply power to the controller and the 
ventilator. 

21 A system as in claim 1, further comprising at 
least one feedback sensor coupled to the controller. 

22 A system as in claim 21, wherein the feedback 
sensor is selected from the group of sensors consisting of 
oxygen sensors, carbon dioxide sensors, temperature sensors, 

-chest compression — force sensors,- depth- of — chest compression 

sensors, chest compression pressure sensors and pH sensors. 

23 A system as in claim 1, further comprising a 

control panel having a mode control to change the operational 
mode of the ventilator. 

24 A system as in claim 23, wherein the mode 
control includes a compression detect mode where the 
ventilator is actuated after the predetermined number of chest 

compressions have been detected by the sensor. 

25 A system as in claim 23, wherein the mode 

control includes a manual ventilation mode, and wherein. . . 

.actuate the ventilator when the mode 
control is in the manual ventilation mode. 

26 A system as in claim 23, wherein the mode 

control includes an automatic ventilation mode, and wherein. . . 

.timed intervals when the mode control is in the 
.5 automatic ventilation mode. 

27 A system as in claim 23, wherein the control 

panel further includes a threshold compression control to vary 
the sensitivity level of the sensor. 

28 A system as in claim 23, wherein the control 

panel further includes a respiratory gas volume control... 

.control the volume of respiratory gases supplied by the 
ventilator upon each actuation. 

29 A system as@in claim 23, wherein the control 
panel further includes a respiratory gas control to. . . 

.the pressure of the respiratory gases delivered with each 
actuation of the ventilator. 

30 A system as in claim 23, wherein the control 

panel further includes a compression counter display to 
display the number of detected chest compressions , and a 

compression detect display to display the detection of a chest 

compression . 

31 A system as in claim 23, wherein the control 

panel includes a compression display to display compression 
pressures or forces supplied to the chest . 



32 A system as in claim 23, wherein the control 

panel further includes a ventilation indicator to indicate 
when the ventilator is actuated. 

33 A method for performing cardiopulmonary 
resuscitation, the method comprising: 
repeatedly compressing a patient's chest / 
detecting each chest compression with a sensor that 
is coupled to a controller; and 

periodically ventilating the patient after a 

predetermined— number— of — chest compressions — have— been- de-t-ee-t-e d— 

34 A method as in claim 33, further comprising 
ventilating the patient once about every 2 to about 10 chest 

compressions . 

35 A method as in claim 33, further comprising 
placing a valve in the patient's airway, and wherein the 
sensing step comprises sensing when respiratory gases flow 
through the valve upon compression of the chest . 

36 A method as in claim 35, further comprising 
preventing respiratory gases from flowing to the lungs with 

,3 the valve until a threshold negative intrathoracic pressure 
exceeded at which time the valve opens to allow the flow of 
respiratory gases to the lungs . 

37 A method as in claim 33, further comprising 

sensing changes in intrathoracic pressure to detect chest 
compressions . 

38 A method as in claim 33, further comprising 

sensing when a force has been applied to the patient's chest 
to detect chest compressions . 

39 A method as in claim 33, further comprising 
preventing respiratory gases from entering into the patient's 

lungs during at least a portion of a decompression phase. 

40 A method as in claim 39, further comprising 

varying an intrathoracic pressure level at which respiratory 
gases are allowed to enter into the patient's lungs during the 
decompression phase. 

41 A method as in claim 33, further comprising 

manually compressing the patient's chest or providing chest 

compressions with a compression mechanism coupled to the 
controller . 

42 A method as in claim 33, further comprising 
mechanically compressing an air bag to ventilate the patient. 

43 A method as in claim 42, wherein the air bag is 
automatically compressed after the predetermined number of 

chest compressions have been detected. 

44 A method as in claim 4 2, wherein compression of 

the air bag is manually actuated. 

45 A method as in claim 33, further comprising 

stopping compression of the patient's chest and ventilating 



the patient at regular intervals. 

46 A method as in claim 33, further comprising 

sensing at least one physiologic parameter while performing 

chest compressions . 
4 7 A method as in claim 4 4, wherein the 

physiologic parameter is selected from the group -consisting of 
oxygen, carbon dioxide, temperature and pH. 

48 A method as in claim 4 6, further comprising 

visually displaying when each chest compression has been 
-detected-. 

49 A method as in claim 4 6, further comprising 

counting the number of chest compression and displaying the 
number of counted compressions . 

50 A method as in claim 33, further comprising 
visually displaying an indicator each time the patient is 
ventilated. 

51 A method as in claim 33, further comprising 
controlling the volume of respiratory gases supplied to the... 

. .maintaining the supplied 
gases at the sensed pressure for a specified time period. 

52 A method as in claim 33, further comprising 
sensing when the patient takes a spontaneous breath and 
initiating an inspiratory ventilation cycle to assist the 
patient's breathing. 

I 53. A method as in claim 52, further comprising 

sensing when the patient begins regular spontaneous breathing 

and ceasing the inspiratory ventilation cycle. 

54 A method as in claim 53, further comprising 
sensing if. the patient stops spontaneous breathing and 
periodically ventilating the patient after the predetermined 
number of chest compressions have been detected. 

55 A ventilation device comprising: 
a compressible member; 

a mechanical compression mechanism which is operable 

to compress the compressible member; 

a coupling member attached to the compressible 

member to couple the compressible member to a patient's 

airway; and 

a sensor to detect chest compressions . 

56 A device as in claim 55, wherein the mechanical 
compression mechanism comprises a plunger having a rack, a 

stepping motor., and a pinion coupled to... 

. . to move the 
rack. 

57- A device as in claim 55, wherein the mechanical 
. 1 

compression mechanism comprises a plunger and a compressed a 
cylinder to. move the plunger. 

58 A device as in claim 55, further comprising a 

threshold valve disposed in the coupling member, the threshold 



valve being configured to open when experiencing a threshold 
negative intrathoracic pressure. 
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English Abstract 

A dual area pressure pulmonary modulator apparatus which provides 
constant flow, pressure cycled ventilatory support to patients. The 
pressure pulmonary modulator apparatus opens at a selected pressure and 
shuts at a substantially lower pressure. The pressure pulmonary 
modulator apparatus can be incorporated into an automatic resuscitator 
suited for providing ventilatory support during... 

...combined with a nebulizer to serve as a positive pressure aerosol 

therapy device. The pressure pulmonary modulator apparatus can also be 
incorporated into a percussive therapy device used for the mobilization 
of mucus in patients. The pressure pulmonary modulator apparatus may 
be made almost entirely of injection molded plastic and is inexpensive, 
portable . . . 

French Abstract 

L' invention concerne un appareil modulateur de pression pulmonaire zone 
duelle qui fournit une assistance ventilatoire a debit constant et a 
cycles de pression aux patients. Le modulateur de pression pulmonaire 
s'ouvre a une pression selectionnee et se ferme a une pression 
sensiblement plus faible. Le modulateur de pression pulmonaire peut 
etre incorpore a un reanimateur automatique servant a apporter une aide 
ventilatoire pendant la. . . 

. . . servir de dispositif de traitement f ournissant un aerosol a pression 
positive. Le modulateur de pression pulmonaire peut etre egalement 
incorpore a un dispositif de traitement a percussion servant a mobiliser 
le mucus des patients. Le modulateur de pression pulmonaire qui peut 
etre realise presque entierement en plastique moule par injection, est 



peu couteux, portable. . . 

Detailed Description 

PULMONARY PRESSURE MODULATOR 
BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention pertains generally to respiratory ventilation devices, and 
more particularly to a constant flow pulmonary modulator which can be 
adapted to a number of applications including (1) a respiratory device... 

provided- by— clinicians -through-t he— use-of-a-manual-resusci tat or_or_ an 

automatic ventilatory device. 

Manual resuscitators are typically equipped with a self -inf lat ing 
bag , a set of check valves which control the direction of inhalation 
and exhalation gases, and a patient interface which is... 

...the self inf lating bag thus applying pressure and causing gas to flow 
into .the patient's lungs . Inhalation ends and exhalation begins when 
the operator stops squeezing the bag, allowing the pressurized gas in the 
patient's lungs to escape to the ambient environment. Most manual 
resuscitators are equipped with the means to maintain a small minimum 
positive pressure on the patient's lungs throughout exhalation commonly 
called Positive End Expiratory Pressure ( PEEP ) . During 
exhalation, the self -inf lating bag reinflates and the process may be 
repeated. 

Manual resuscitators are simple and inexpensive. Unfortunately, 
manual 

resuscitators are easy to misuse. A large number of... 

...volumes or constant flow for pre-set amounts of time, regardless of the 
patient's lung' compliance. Lung compliance is prone to sudden changes 
during transport, potentially causing patient airway pressures to 
increase ... the volume delivered; thus volumes of gas delivered to the 
patient vary with variances in lung compliances, preventing the patient 
from receiving a harmful amount of pressure and insuring appropriate 
ventilation ... 

...in prior technology. 

BRIEF SUMMARY OF THE INVENTION 

The present invention generally comprises a pressure pulmonary 
modulator 

apparatus which will inflate and discharge any pneumatic capacitance for 
a wide range of... 

...when provided with a. constant flow of gas. In a first embodiment, the 
patient's lungs serve as the pneumatic capacitance, which is cyclically 
inflated and discharged (inhalation followed by exhalation... 

...of use and associated cost of a manual resuscitator . 

In a second embodiment, the pressure pulmonary modulator is in fluid 
communication with an attached pneumatic capacitance which may be caused 
to... 

...the patient which is in constant fluid communication with the primary 
cavity of 

the pressure pulmonary modulator. The pulmonary capacitance may be 



configured to oscillate at frequencies up to approximately 25 Hz during 
the. . . 

.a nebulizer, providing 

therapeutic relief, in addition to the delivered ventilatory support. In 
either embodiment, compressed air or oxygen is delivered directly to 
the pneumatic capacitor, thus charging the pneumatic capacitor. During 
discharge, all gas flows through the pressure pulmonary modulator. The 
invention cycles the pneumatic capacitor by controlling at what pressure 
charging ends and. . . 



.exhausted into the atmosphere. When the pneumatic capacitor pressure 
drops to a specified level, the valve of the pressure pulmonary 
modulator closes, and the pneumatic capacitor begins, to be charged by the 
continuous flow of gas; thus the cycle is repeated indefinitely. 

In the first embodiment, the pressure pulmonary modulator apparatus 
essentially comprises a dual area piston having a surface area that rests 
against . . '. 

.piston is in the open position. When the dual area piston is closed, it 
prevents compressed gas from escaping and causing the pneumatic 
capacitor to become charged by the incoming compressed gas. During 
charging, the pressure in the pneumatic capacitor increases until the 
force of the . . . 

.the piston. During discharge, the exhaled gases pass by the piston and 
out of the system through an adjustable flow restrictor used to control 
the rate at which discharged gases are... may spontaneously breathe by 
triggering 

inhalation prior to the beginning of exhalation. A one-way valve may 
optionally be 

provided to increase the ease of the patient's inhalation. Under such... 

.effects of aerosol in addition to ventilatory support. 

In the second embodiment where the pressure pulmonary modulator 
apparatus is in fluid communication with a mechanical pneumatic 
capacitance, the pressure pulmonary ' modulator apparatus can be coupled 
with a nebulizer to deliver both a medication aerosol and high frequency 
bursts of compressed gas. 

In such a configuration, when a patient inhales through a mouthpiece, he 
or she. . . 

.oscillations are frequently called an intrapulmonary treatment, and has 
been shown to help mobilize patient lung secretions and fluids. It is 
worth noting that the second embodiment of the invention could. . . 

.volume of the pneumatic capacitor and placing a fixed, or variable 
restrictor between the pressure pulmonary modulator apparatus and the 
pneumatic capacitor, the second embodiment of the invention could be used 

.ventilator apparatus which can be equipped, or have a built-in high 
pressure pop-off valve as a safety feature to prevent the unintended 
build up of patient airway pressure due to malfunction or misuse. Such a 
high pressure pop-off valve may be equipped with the means to produce 
an audible tone which will notify an... causes pressure dial 18 to move 
longitudinally relative to piston face 26, thereby increasing the 



compressive force on spring 30 as pressure dial 18 is moved closer to 
piston face 26. Pressure dial 18 therefore allows adjustment of the 
compressive force of spring 30 against piston 12. Piston face 26 moves 
longitudinally within a cylindrical ... this purpose, examples of which may 
include, but are not limited to the following: a compressed air spring; 
a sealed diaphragm; a balloon; an expandable chamber; a rigid chamber 
with compressed air and bellows. 

Flow restrictor port 16 is located within housing 22 and is in... 

-.-rate-dial - 2-0-allows- control-of _a __patient ls_exhalat ion_dura.tion .._An 
annular flow restrictor valve seat 52 is located within flow restrictor 
port 16. Flow restrictor valve seat 52 functions in conjunction with 
tapered inner end 55 of rate dial 20 to. . . 

.its largest setting and poses little restriction to flow. 

The restricting area between flow restrictor valve seat 52 and the 
tapered inner end 55 of rate dial 20 is adjustable by. . . 

.rate dial 20 causes tapered inner end 55 to move longitudinally relative 
to flow restrictor valve seat 52. Flow restrictor valve seat 52 and 
tapered inner end 55 at the inner end of rate dial 20 functions similar 
to a needle valve to create a restrictive annular region to restrict 
the flow of gas therethrough. Slots 54... 

.the adjustment range of rate dial 20. Use of tapered inner end 55 and 
annular valve seat 52 provides for a sensitive adjustment of gas flow 
resistance. Although the preferred embodiment... 

.inner end 55 of rate dial 20 with slots 54 therein along with flow 
restrictor valve seat 52 to restrict gas flow therethrough, those 
skilled in the art would recognize that... 

.until the. force of the patient's airway pressure on piston face 26 

overcomes the compressive force of spring 30, which causes piston 12 to 

open (when piston face 26 moves away from interior end 28 of 

primary port 14). Once piston 12 begins to open, compressed gas from 

the 

pneumatic capacitor enters chamber 42 and rushes toward flow restrictor 
port 16. . . 

.the passage of gas through flow restrictor port 16 is restricted by 
annular flow restrictor valve seat 52 and tapered inner end 55 of rate 
dial 20. This gas restriction causes... 

.by the pneumatic capacitor. Although such a feature duration. In the 
preferred embodiment, patient demand valve 72 has a very low resistance 
to flow, which is on the order of approximately. . . 

.mask 86 or an endotracheal tube (not shown) which the patient wears 
during the breathing process associated with resuscitator 78. Because 
the piston 12 is closed during inhalation, all incoming gas... 

.masks (not shown) and a 15 mm ID for connection to endotracheal tubes. 

Pop-off valve 70 provides a safety feature to prevent the patient 
airway 

pressure from exceeding any set value. Pop-off valve 70 is biased by 

spring 88 and equipped with a sealing O-ring 90. Pop-off valve 70 opens 



anytime the patient's airway pressure exceeds a preset value. Pop-off 
valve 70 has a stem 92 which travels within an axial tube 94 within end 
cap 96. Pop-off valve 70 can also be equipped with a means to create an 
audible tone and a visual signal when the valve 70 is opened. 

When inhalation pressure reaches that which is dialed on pressure dial 18 

.piston face 26 and the surface area circumscribed by Oring 62. Pressure 
dial 18 and pulmonary modulator spring 30 are designed so that 
the— re s us crtat or-de±iver s — a - maximum _ pneumat i _ c~capac it o r~~pe a k~. ~:~ — 

.20 cm H20, although this is not the physical limit of the apparatus. 

Pop-off valve 70 is designed to relieve pressure if the patient's 
airway pressure rises above approximately 60 cm H20It will be appreciated 
that patient adapter 66 may also include a dump valve which is in fluid 
connection with the patient's airway, thus allowing for the quick... 
.closed, allowing for quick restart of inhalation. 

Referring also to FIG. .5 and FIG 6A, pulmonary modulator apparatus 10 
can be adapted to function as a positive pressure aerosol device 98, 
wherein a 

nebulizer as semblylOOisaf tachedtoprimaryportl4of pulmonarymodulator 
apparatus 1 0. Such a device functions identically as previously 
described with a nebulizer assembly. . . 

. 102 having a 

mouthpiece 104, an air entrainment port 106, a one-way air demand valve 
assembly 108, a reservoir 110 with a primary orifice 1 1 2 located. . . 

.baffle 114 with a secondary orifice 116. In this configuration, there is 
no pop-off valve and the patient breathes through mouthpiece 104. 

Top cover 102 includes a nebulizer chamber 118 located beneath, one-way 
demand valve 108 built into the upper portion of the top cover 102, and 
an elbow receptacle... 

.which allows nebulizer assembly 1 00 to be attached to primary port 14 
of the pulmonary modulator apparatus 10 via an elbow connector 122. 
Oneway demand valve assembly 108 permits air to be entrained into 
positive pressure aerosol device 98 as may. . . 

.use by the patient but does not allow any gas pressure to escape 
externally. Demand valve assembly 108 includes a cylindrical valve 
body 124 inserted into an air entrainment port 106 located adjacent the 
upper portion of . . . 

.A flapper 126 is inserted into air entrainment port 106 between top 
cover 102 and valve body 124. Demand valve 

assembly ...allows for connection of nippled oxygen tubing which is 
commonly used in hospitals to supply compressed gas. Those skilled in 
the art will appreciate that many different 
nebulizers and pneumatic arrangements... 

. configuration . 

Percussive therapy device 130 delivers both a medication aerosol and high 
frequency bursts of compressed gas. When a patient inhales through 
mouthpiece 104, the patient entrains air through air entrainment... 



..cm H20. The delivery of aerosol and the high frequency airway 
oscillations help mobilize patient lung secretions and fluids. 

PTD 130 functions by receiving compressed gas, typically above 
approximately 15 psig, through compressed gas inlet 136. Compressed 
gas inlet 136 is built into pneumatic capacitor top 138 and supplies 
compressed gas through a channel 142 within pneumatic capacitor top 138 
to pneumatic capacitor assembly 132... should be noted that any number of 
different springs can be used to accomplish different pulmonary 
-effects-.— When-pressu-re-modu-l-a-t-or- -p-i-st-on— 1-2— is- closed, — pneumatic capacitor 
choke 140 is delivering gas... during the time the mucus is being 
mobilized, the average speed of gas in the lungs is directed out and 
not into the lung . In the event that cycling during other phases of the 
respiratory cycle were beneficial, PTD. . . 

. .pneumatic capacitor. Although such a device would be significantly 
bulkier, and force required for the valve to overcome the pneumatic 
capacitor's pressure during exhalation, thus sealing interior end 160 of 

..of sealed diaphragm 168, whereby rotating the dial 166 in one direction 
causes it to compress diaphragm 168 and rotating it in another 
direction causes it to decompress diaphragm 168. 

Thus, dial 166 allows adjustment of sealed diaphragm's 168 internal 
pressure . 

Although. . . 

..interior end 160 of primary port 162 having a tapered seat 178 which 
mates with valve 164 to seal the interior end 160 of primary port 162, 
any similar means of sealing interior end 160 of inlet port 162 will 
suffice. Valve 164 is circumscribed by a groove 180 within which an 
0-ring 182 is fitted. . . 

aim 

port; 

(c) a gas inlet port in fluid communication with said adapter body 
whereby a compressed gas source can be attached to said adapter body; 
and 

(d) a patient connection port... 

.8 An apparatus as recited in claim 7, further comprising: 

(a) a one-way flapper valve , said flapper valve in fluid 
communication 

with said adapter body, said flapper valve capable of permitting 
airflow into said 
adapter body; and 

(b) means to automatically release gas ... capacitor , said pneumatic 
capacitor in fluid 

communication with said primary port. 

12 A positive pressure pulmonary apparatus, comprising: 

(a) a chamber, said chamber including a sleeve; 

(b) a primary port, said. . . 

.inlet port, said gas inlet port in fluid communication with said adapter 
body whereby a compressed gas source can be attached to said patient 
adapter; and 

(d) a patient connection • port .. . 



..16 An apparatus as recited in claim 15, further comprising: 

(a) a one-way flapper valve , said flapper valve in fluid 
communication 

with said adapter body, said flapper valve capable of permitting 
airflow into said 
adapter body; and 

(b) means to automatically release gas... said secondary orifice in fluid 
communication 

with said nebulizer chamber; and 

(d) a one-way valve , said valve located within said air entrainment 
-port-, — sa-i-d — va-l-ve — capable- of- ent raining- air into s a id— nebu-l-i-zer— chamber-^ 

2 6 A positive pressure pulmonary apparatus, comprising: 
(a) valve means for sealing off flow communication with a patient 
airway, said valve means including a surface area capable of fluidly 
communicating with said patient airway, said valve means capable of 
being opened and closed, whereby said surface area is capable of fluidly 
communication with said patient's airway when said valve means is 
closed is less than said surface area capable of fluidly communicating 
with said patient airway when said valve means is open; (b) a flow 
restrictor, said flow restrictor in fluid communication with said patient 
airway when said valve means is open and not in flow communication with 
said patient airway when said valve means is closed; 

(c) a restoring force acting on said valve mean, said restoring force 
biasing said valve means to close in the absence of a force sufficient 
to maintain 

said valve means open; 

(d) wherein said valve means closes and inhalation begins at one 
pressure, thereby causing said patient to become inflated and an airway 
pressure to increase and causing said valve means to open and 
exhalation to begin at a 

second pressure; and 

(e) wherein exhaled. 

.delivery of gas to said apparatus. 

30 A constant flow, percussive therapy device, comprising: 

(a) valve means for sealing off flow communication with a pneumatic 
capacitor, said valve means including a surface area, said valve 
means capable of 

being opened and closed; 

(b) wherein said pneumatic capacitor providing a pressure acting to . 
open said valve mean, said pneumatic capacitor in fluid communication 
with said valve surface area, wherein said valve surface area in 
fluid communication with said pneumatic capacitor is less when said 
valve means is closed than when said 

valve means is open; 

(c) a restoring force acting on said valve means, said restoring force 
acting in opposition to said opening pressure in a manner as to cause 
said valve 

means to close in the absence of said opening pressure; 

(d) a chamber, said chamber. . . 

.a flow restrictor, said flow restrictor in fluid communication with said 
pneumatic capacitor when said valve is open and not in fluid 
communication with 

said pneumatic capacitor when said valve is closed; and 
(g) a patient breathing port, said port in fluid communication with said 
flow restrictor, said port in fluid communication with said chamber when 
said valve means is open. 



31 An apparatus as recited in claim 30, further comprising an aerosol... 
..breathing port. 

32 An apparatus as recited in claim 31, further comprising an air 
entrainment valve , said valve in fluid communication with said 
patient breathing port, said valve including means to allow gas to 
enter said device when a third pressure within said device is less than 
atmospheric pressure, said valve including means to prevent gas from 
escaping from said device when a fourth pressure within. . . 
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Valves for positive expiratory pressure (PEP) can be characterized as 
threshold resistors, ideally providing pressure independent... 

...resistor type compared to threshold resistor devices. Pressures were 
measured on three different flow resistor valves : the PEP-mask, the 
Pari-PEP- System and the System 22-PEP with orifice diameters of 1.5-5. 
mm; and on three threshold resistors, the underwater seal, the Ambu 
Positive End - Expiratory Pressure { PEEP ) valve and the Vital 
Signs PEEP valve with pressures of 0, 5, 10, 15 and 20 cmHinf 20. All 
devices were studied. . . 

...120 and 150 1-minsup -sup 1. The PEP-mask, the Pari-PEP and the System 
22-PEP showed the typical pattern of flow resistors, i.e. a pressure 
increasing with flow, dependent on the diameter of the orifice. The 
underwater seal and the Vitral Signs PEEP valves acted as almost ideal 
threshold resistors. The Ambu PEEP valves acted as threshold 
resistors at the lower flows, but showed flow-dependency at higher flows. 
The Vital Signs PEEP valves gave lower pressures and Ambu PEEP 
valves gave higher pressures compared with indicated values, whereas the 
underwater seal gave the intended pressure... 
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Effect of AMBU - PEEP - valve on respiration, blood gases and 
hemodynamics during spontaneous breathing of air 

A non-rebreathing system for respiration with positive end 
expiratory pressure was constructed, consisting of a non-rebreathing 
value ( AMBU -E- valve ) and a PEEP' - valve ( AMBU - PEEP - valve ) . The 

study was performed on 18 healthy volunteers in order to find the most 
suitable ... 

...0.5 kPa) applied at short time intervals between the phases is proposed 
as the method of choice in clinical and first aid conditions for 
improvement of blood oxygenation. Construction of... 
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pressure 

therapy; respiratory system 
SECTION HEADINGS: 

024 Anesthesiology 

015 Chest Diseases, Thoracic Surgery and Tuberculosis 



Set Items Description 

51 725 AU=(LURIE K? OR LURIE, K? OR MENK V? OR MENK, V? OR ZIELIN- 

SKI T? OR ZIELINSKI, T? OR BIONDI J? OR BIONDI, J?) 

52 23411 CPR OR (CARDIOPULMON? OR CARDIO ( ) PULMON? ) ( W) (RESUSCIT? OR - 

RESPIRAT? OR VENTILAT? OR CIRCULAT?) OR MANUAL? { ) RESUSC? OR E- 
MERGENCY ( ) MEDICAL? 

53 25940 PEEP OR PEP OR POSITIVE () (ASSIST? OR PRESSOR?) (2N) (BREATH? 

OR VENTILAT? OR RESPIRAT?) OR POSITIVE () END () EXPIR? () PRESSURE 
OR (MEDICAL OR EMT OR FIRE) (2N) RESCUE? 

54 449257 VACUUM? OR SUCTION? OR NEGATIVE () PRESSURE? OR EXTRACT? ( 3N) - 
(_P.OS.IT-I-VE-OR-RES.P-I RAT.?— OR. EXP.IRAT_? _OR_EXHAL.?_) 

55 111606 BAG OR BAGS OR SACK? ? OR SMARTBAG? OR SMART () BAG OR AMBUB- 

AG? OR AMBU OR POUCH?? OR BELLOW? . - 

56 1027947 MANIPULAT? OR DECOMPRESS? OR COMPRESS? 

57 840507 THORAX? OR THORAC? OR CHEST??? OR LUNG? ? OR PULMON? OR IN- 

TRATHORA? 

58 4117 VENOUS (2N) (RETURN OR CIRCULAT?) OR (BLOODFLOW? OR BLOOD () F- 

LOW? OR BLOOD () CIRCULAT?) (2N) (RETURN? OR BACK) (2N) (HEART? OR - 
CARDIAC?) OR LOWER? () PRESSUR? (2N) (RIGHTO ATRIUM) OR LOWER? () P- 
RESSUR?(2N) (THORAX? OR THORAC?) () VENA () CAVA 

59 190483 VALVE??? OR VALVING 

S10 275879 HYPOTENS? OR HYPOTENT? OR LOW () BLOOD () PRESSURE OR HEAD ( ) (T- 



RAUMA? OR INJUR?) OR CARDIAC () ARREST OR HEART () ATTACK OR MYOC- 
ARD? () INFARCT? OR (HEMORRHAG? OR HAEMORRHAG?) () SHOCK? OR BLOO- 
D()LOSS?? 



Sll 


2982531 


WIRELESS? OR WIRE () LESS? OR REMOTE? OR RADIO? OR TRANSPOND? 
OR TELECOMMUNICAT? 


S12 


7853682 


METHOD? ? 


S13 


11650221 


SYSTEM? ? 


S14 


4338798 


TECHNIQUE? ? 


S15 


1671492 


PROCEDURE? ? 


S16 


5044645 


PROCESS?? 


S17 


0 


IC=(A62B? OR A61G? OR A61M?) 


S18 


305 


S2:S3 AND S5 


S19 


305 


S18 NOT SI 


S20 


0 


S19 AND S8 


S21 


82 


S19 AND S9 


S22 


11 


S19 AND Sll 


S23 


92 


S21:S22 


S24 


80 


S23 AND (S4 OR S6:S7 OR S10 OR S12:S16) 


S25 


80 


RD (unique items) 



? show files 

File 94 : JICST-EPlus 1985-2004 /Apr W3 

(c)2004 Japan Science and Tech Corp(JST) 
File 95:TEME-Technology & Management 1989-2004 /May Wl 

(c) 2004 FIZ TECHNIK 
File 99: Wilson Appl . Sci & Tech Abs 1983-2004 /Apr 

(c) 2004 The HW Wilson Co. 
File 35 : Dissertation Abs Online 18 61-2004 /Apr 

(c) 2004 ProQuest Inf o&Learning 
File lll.:TGG Natl . Newspaper Index(SM) 197 9-2004 /May 17 

(c) 2004 The Gale Group 
File 583:Gale Group Globalbase (TM) 1986-2002/Dec 13 

(c) 2002 The Gale Group 
File 2:INSPEC 1969-2004/May W2 

(c) 2004 Institution of Electrical Engineers 
File 6:NTIS- 1 964 -2004 /May W3 

(c) 2004 NTIS, Intl Cpyrght All Rights Res 
File 8:Ei Compendex(R) 1 970-2004 /May W2 

(c) 2004 Elsevier Eng. Info. Inc. 
File 34:SciSearch(R) Cited Ref Sci 1990-2004 /May W2 



(c) 2004 Inst for Sci Info 
File 434 : SciSearch ( R) Cited Ref Sci 1974-1989/Dec 

(c) 1998 Inst for Sci Info 
File 65: Inside Conferences 1993-2004 /May W2 

(c) 2004 BLDSC all rts. reserv. 
File 473: FINANCIAL TIMES ABSTRACTS 1 9 98-200 1 /APR 02 

(c) 2001 THE NEW YORK TIMES 
File 474:New York Times Abs 1969-2004 /May 15 

(c) 2004 The New York Times 
File 475:Wall Street Journal Abs 1973-2004 /May 14 

. (-C-)— 2004— The-New- -York -Times 

File 481:DELPHES Eur Bus 95-2004/May Wl 

(c) 2004 ACFCI & Chambre Commlnd Paris 
File 48 :SPORTDiscus 1 962-2004 /May 

(c) 2004 Sport Information Resource Centre 
File 50:CAB Abstracts 1 972-2004 /Apr 

(c) 2004 CAB International 

9 



25/3, K/14 (Item 3 from file: 34) 

DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci 
(c) 2004 Inst for Sci Info. All rts. reserv. 

12259726 Genuine Article#: 747QZ No. References: 10 
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Title: A pilot study to evaluate the SMART BAG (R) : A new 

pressure-responsive, gas-flow limiting bag - valve -mask device 

...Abstract: be important to minimize the risk of stomach inflation when 
ventilating an unprotected airway with positive pressure 
ventilation . In this study, we assessed the effects of a standard 
self-inflating bag compared with a new pressure-responsive, 
inspiratory gas flow-limiting device ( SMART BAG (R) ) on respiratory 
mechanics in 60 adult patients undergoing routine induction of 
anesthesia. Respiratory variables were measured using a pulmonary 
monitor. The SMART BAG (R) resulted in significantly decreased 
inspiratory flow rate and peak airway pressure while providing adequate 
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Title: Decreasing peak flow rate with a new bag 1- valve -mask device: 

effects on respiratory mechanics, and gas distribution in a bench model 
of an. . . 

...Abstract: in order to minimise the risk of stomach inflation when 
ventilating an unprotected airway with positive pressure 
ventilation . The purpose of this study was to assess the effects of a 
newly developed bag - valve -mask device ( SMART BAG (R) , O-Two 
Systems International, Ont . , Canada) that limits peak inspiratory 
flow. A bench model simulating a patient with an unintubated airway was 
used consisting of a face mask, manikin head, training lung ( lung 
compliance, 100 ml/cm H20, airway resistance 4 cm H20/1/S, lower 
oesophageal sphincter. . . 

...stomach). Twenty nurses were randomised to each ventilate the manikin 

using a standard single person technique for 1 min (respiratory rate, 
12/min) with either a standard adult self-inflating bag , or the 
SMART BAG (R) . The volunteers were blinded to the experimental design 
of the model until completion of the experimental protocol. The SMART 

BAG (R) vs. standard self-inflating bag resulted in significantly (P 
< 0.05) lower mean+/-S.D. peak inspiratory flow rates (32... 

...vs. 61+/-13 1/min), peak inspiratory pressure (12+/-2 vs. 17+/-2 cm 
H20), lung tidal volumes (525+/-111 vs. 680+/-154 ml) and stomach 
tidal volumes (0+/-0 vs... 

...785+/-172 ml) were comparable. The mask leakage observed is not an 
uncommon factor in bag - valve -mask ventilation with leakage 
fractions of 25-40% having been previously reported. The differences 
observed between the standard BVM and the SMART BAG (R) are due more 
to the anatomical design of the mask and the non-anatomical... 

...interface and should introduce a standardized mask leakage fraction. The 
use of a two-person technique may have removed the problem of mask 
leakage. In conclusion, using the SMART BAG (R) during simulated 
ventilation of an unintubated patient in respiratory arrest 
significantly decreased inspiratory flow. . . 

...and resulted in a significantly longer inspiratory time when compared to 
a standard self -inflating bag . (C) 2003 Published by Elsevier Science 
Ireland Ltd. 
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Language: English Document Type: ARTICLE (ABSTRACT AVAILABLE) 

Title: Optimizing bag - valve -mask ventilation with a new mouth-to- bag 
resuscitator 

Abstract: When ventilating an unintubated patient with a self -inflating 
bag , high peak inspiratory flow rates may result in high peak airway 
pressure with subsequent stomach inflation; this may occur frequently 
when rescuers without daily experience in bag - valve -mask 
ventilation need to perform advanced airway management. The purpose of 
this study was to assess the effects of a newly developed 
self-inflating bag (mouth-to- bag resuscitator; Ambu , Glostrup, 
Denmark) that limits peak inspiratory flow. A bench model simulating a 
patient with an unintubated airway was used, consisting of a face mask,- 
manikin head, training lung ( lung compliance, 100 ml/0.098 kPa (100 
ml/cm H(2)OA airway resistance, 0... 

...manikin for 1 min (respiratory rate: 12 per minute) with either a 

standard self -inflating bag or the mouth-to- bag resuscitator, which 
requires the rescuer to blow up a single-use balloon inside the 
self-inflating bag , which in turns displaces air towards the patient. 
When supplemental oxygen is added, ventilation with. . . 

...be obtained, since expired air is only used as the driving gas. The 
mouth-to- bag resuscitator therefore allows two instead of one hand 
sealing the mask on the patient's... 

...the experimental design of the model until completion of the 

experimental protocol. The mouth-to- bag resuscitator versus standard 
self-inflating bag resulted in significantly (P < 0.05) higher mean 
+ /- S.D. mask tidal volumes (1048 + /- 161 vs. 785 +/- 174 ml) and lung 

tidal volumes (911 +/- 148 vs. 678 +/- 157 ml), longer inspiratory 
times (1.7 + /- 0.4. . . 

...volumes (16 +/- 30 vs. 18 +/- 35 ml) were comparable. In conclusion, 

employing the mouth-to- bag resuscitator during simulated ventilation 

of an unintubated patient in respiratory arrest significantly decreased 
inspiratory flow rate and improved lung tidal volumes, while 

decreasing mask leakage. (C) 2002 Elsevier Science Ireland Ltd. All 
rights reserved. 
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. . .Title: of mask ventilation in a training mannikin. A comparison between 
the Oxylator EMI 00 and the bag - valve device 

...Abstract: study in a training mannikin to find out whether the Oxylator 
EM100, compared with the bag , obtains improved ventilation and a 
decrease in gastric inflation. In a randomized crossover study, 72.... 

...the operating theatre, emergency department and intensive care unit of 
two hospitals. We used the Ambu (R)- Bag Mark III with mask No. 4, 
the Oxylator EM100 with a pressure setting of 35 cm H20 run in the 
manual setting, the Ambu (R)-Man C mannikin as well as the Ambu (R)- 
CPR computer program. The resuscitation cycles of the standard 
two-rescuer 1 s adult procedure lasted 3 min each, with a 3-min pause 
between the crossover procedure . The participants could improve their 
ventilatory volume with the Oxylator EM100 by 635 ml (95% confidence 
interval 578-692 ml) compared with the bag ventilation. The number of 
subjects who could attain a mean ventilatory volume of 800 ml or more 
increased from 15% to 98.6% (P < 0.001): Compared with the bag , the 
increase of adequate respirations (greater than or equal to 800 ml) 
obtained by the . . . 

...the Oxylator EM100. The Oxylator EM100 showed significantly better 
results in the mannikin than the bag . Of most importance is a 
significant lowering of gastric inflation and less so a marked increase 
in ventilatory volume. Our trial procedure with a relatively high 
lung compliance and a high oesophageal sphincter opening simulated 
favorable conditions. Owing to a large in... 

...Identifiers-- CARDIOPULMONARY RESUSCITATION 



25/3, K/77 (Item 66 from file: 34) 

DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci 
(c) 2004. Inst for Sci Info. All rts. reserv. 

01313541 Genuine Articlel: GN718 No. References: 7 

Title: MANUAL RESUSCITATORS AND SPONTANEOUS VENTILATION - AN EVALUATION 

Author (s): MILLS PJ; BAPTISTE J; PRESTON J; BARNAS GM 

Corporate Source: UNIV MARYLAND, DEPT ANESTHESIOL, ANESTHESIOL RES LABS, ROOM 
534,MSTF,10 S PINE ST/BALTIMORE//MD/21201; UNIV MARYLAND, DEPT 
ANESTHESIOL, ANESTHESIOL RES LABS, ROOM 534,MSTF,10 S PINE 

S T / BALT IMORE-/-/ MD /-21-2 01- 
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Title: MANUAL RESUSCITATORS AND SPONTANEOUS VENTILATION - AN EVALUATION 

Abstract: Background and Methods : Although it is useful in certain 

clinical situations for manual resuscitator units to be used with 
spontaneously ventilating patients, there are few data regarding their 
performance in these settings. We measured the percent-delivered oxygen 
from 13 adult manual resuscitator units during simulated 
spontaneous ventilation in the range of respiratory frequency, tidal 
volume, and oxygen supply in which manual resuscitator units might 
be used with patients. We also measured the resistive pressure 
developed during simulated. . . 

...all influenced percent-delivered oxygen, but the most important 

determinant of percent-delivered oxygen was valve design. Valves 
incorporating a "disc" element to prevent air entrainment from the 
expiratory port gave the most efficient oxygen delivery,' while 
"duck-bill" valves did not reliably prevent air entrainment. Only two 
of the manual resuscitator units tested developed high resistive 
pressure . 

Conclusion: Reliable administration of high percent-delivered 
oxygen to . . . 

...ventilating patients, while retaining the capability to manually 

ventilate them, is best achieved by a manual resuscitator unit with 
a valve of low resistance, incorporating a disc to prevent air 
entrainment. We recommend that manufacturers indicate on the product 
information sheet the degree (and confidence . limits ) to which their 
manual resuscitator unit presents resistance and delivers oxygen to 
a spontaneously ventilating subject. 
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Title: PRELIMINARY EVALUATION OF A PROTOTYPE TUBE- VALVE -MASK VENTILATOR 
FOR EMERGENCY ARTIFICIAL-VENTILATION 

...Abstract: adequate ventilatory volumes and a high oxygen and low carbon 
dioxide delivery. 

Design: The tube- valve -mask ventilator is powered by the exhaled 
air of the operator and uses a tube... 

...is filled between breaths. Mouth-to-mouth breathing was the standard 
against which the tube- valve -mask ventilator and the other accepted 
methods of mouth-to-mask and bag - valve -mask were assessed. 

Setting: Comparison studies were conducted during simulated 
two-person CPR using a training mannikin equipped to measure 
ventilation volume and delivered oxygen and carbon dioxide... 

... as operators . 

Interventions: The order in which the pairs of operators performed 
each of the techniques was randomized. 

Measurements and main results: The ventilation volume and the 
percentage of oxygen and carbon dioxide delivered by each technique 
were as follows (mean +/- SD) : Mouth-to mouth (760 + /- 290 mL, 17 +/- 
1% 02, 3. . . 

...C02), mouth-to-mask (910 +/- 350 mL, 41 + /- 8% 02, 2.5 + /- 0.4% C02), 
bag - valve -(soft) mask (550 +/- 230 mL, 94 +/- 3% 02, 0.03 +/- 0.02% 
C02), bag - valve -(rigid) mask (560 +/- 300 mL, 96 +/- 3% 02, 0.03 
+/- 0.02% C02), and tube- valve -mask (860 +/- 290 mL, 91 +/- 7% 02, 
0.2 + /- 0.2% C02) . 

Conclusion: In the hands of relatively inexperienced operators, 
mouth-to-mouth, mouth-to-mask, and tube- valve -mask techniques 
provide adequate ventilation volumes to a mannikin. This was not the 
case with the bag - valve -mask systems (800 mL; P = 0.5 by t test) . 
Of the systems that provide adequate ventilation volume, the tube- 
valve -mask appears superior in that higher oxygen and lower carbon 
dioxide concentrations can also be... 
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Airway management during active compression - decompression CPR. (includes 
reply) (Letter to the Editor) 

TEXT: 

...the Editor. — Dr Stiell and colleagues ( 1 ) published a study 
comparing the effect of active compression - decompression (ACD) 
cardiopulmonary resuscitation (CPR) and standard CPR on outcomes of 
in-hospital and out-of-hospital victims of cardiac arrest . They 
concluded that ACD CPR did not improve survival or neurologic outcomes in 
any group of patients with cardiac arrest . However, testing ACD CPR in 
a system in which the ambulance services did not have the capability for 
endotracheal intubation is biased against successful application of ACD 
CPR. Since previous animal studies tested the method under conditions 
that included endotracheal intubation, it is a significant methodological 
error not to control... 

ensures a patent airway and allows air to move freely in and out of 
the lungs . The ACD CPR technique involves the use of a suction -cup 
device applied to the sternum to allow the rescuer to lift up and expand ( 
decompress ) the patient's chest between downward compressions .(1) 
Among other advantages, this action allows more air to be drawn into the 
lungs during chest compression and ventilation (ventilation allowed by 
the bellows action of multiple consecutive chest compressions ) than 
does standard CPR , (2) provided the airway is patent (3) As a result, air 
trapping in the lungs can be increased, which can augment the generated 
intrathoracic pressure(2) According to Halperin et al, (2) "Current 
evidence suggests that the intrathoracic pressure pump is probably 
responsible for most of the driving force for blood movement during 
standard external chest compression , although the cardiac compression 
pump probably contributes to some extent." 

During standard CPR in humans, it is possible for... 

...research is necessary to clarify whether upper-airway patency can be 
maintained reliably with these techniques during chest compression 
ventilation or spontaneous gasping, or whether such techniques are 
necessary at all." One of many reasons standard CPR is often ineffective 
and ACD. . . 

...1) may be because the head tilt or jaw thrust maneuver was not 
maintained during chest compression ventilation or spontaneous gasping. 
A single bystander cannot simultaneously compress the chest . and 
maintain a patent airway with the head tilt or jaw thrust maneuver and it 
is unclear whether or not airway patency was adequately maintained during 
chest compression ventilation in the study of Sriell et al . Therefore, 
because there is no experimental evidence... 



. Columbus 



1. Stiell IG, Hebert PC, Wells GA, et al . The Ontario trial of active 
compression - decompression cardiopulmonary resuscitation for in-hospital 
and prehospital cardiac arrest . JAMA. 1996/275:1417-14 23. 

2. Halperin HR, Chandra NC, Levin HR, et al. Newer methods of 
improving blood flow during CPR. Ann Emerg Med. 1996;27:553-562. 

3. Tucker K J, Khan JH, Savitt MA. Active compression - decompression 
resuscitation: effects on pulmonary ventilation. Resuscitation. 

1993;26:125-131. 

4. Idris AH. Reassessing the need for ventilation during... 

7T7~th~e — s t"andard - CPR~" gr oup7~ ha~d~ exactTy the same a~irwa~y~~a~n~d~ vent"i"ra"trion" ~ 
management. This consisted of CPR by 2 professional rescuers who used 
standard oropharyngeal airways and bag - valve -mask ventilation prior to 
arrival at the hospital. All out-of-hospital rescuers were also... 

. . . Rottenberg may have overlooked the fact that in many US and most 
Canadian jurisdictions, prehospital cardiac arrest patients are not 
intubated until they arrive at the hospital. Consequently, the 
out-of-hospital... 

...wanted to determine if ACD CPR improved survival in out-of-hospital 
emergency medical services systems that do not provide advanced cardiac 
life support measures. Unfortunately, we were unable to demonstrate... 

. . . Investigators 

Ottawa, Ontario 

1. Lurie KG, Shultz JJ, Callaham ML, et al. Evaluation of active 
compression - decompression CPR in victims of out-of-hospital cardiac 
arrest . JAMA. 1994;271: 1405-1411. 

2. Schwab TM, Callaham ML, Madsen CD, Utecht TA. A randomized clinical 
trial of active compression - decompression CPR vs standard CPR in 
out-of-hospital cardiac arrest in two cities, JAMA. 1995;273:1261-1268. 
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... he needs 

All the sophisticated equipment in the world won't save a patient in 
cardiac arrest unless you can maintain an open airway. While clearing 
the airway initially may not be . . . 

...and endotracheal tubes. 

When and how to use oral and nasal airways 

Unconscious patients in cardiac arrest often need an 

oropharyngeal, or oral, airway adjunct to prevent the tongue from falling 

back. 

...near the back of the tongue, rotate it back to its proper position. An 
alternative method is to move the tongue out of the way with a tongue 
depressor, then insert the airway by holding it in its normal position. 
Practice these techniques on a mannequin until you can use them 
confidently . 

Once the airway's in place... 

...skin ulceration. 

How to ventilate the patient, correctly 

After an airway has been inserted, a manual resuscitator --also 
known as a bag - valve -mask device or Ambu bag — is used to deliver 
positive pressure breaths . The equipment you'll need for this 
procedureO includes a self -inflating bag with mask, an oxygen connecting 
tube, an oxygen reservoir, and. . . 

...spread your thumb and index finger on the mask, one on either side of 
the valve connection. Use a squeezing motion of your hand to seal the rim 
of the mask to the patient's face. 

With your other hand, compress the bag. Watch the patient's chest 
to make sure it rises and falls with each squeeze. You should feel 
resistance during... - 

...you should hear air escape during exhalation. If the resistance 
increases as you continue to compress the bag, assess the patient for 
obstruction of the airway or a change in lung compliance. You may need to 
re-establish correct head position or readjust the mask for. . . 

...placed upside down. You should practice on a mannequin until you feel 
comfortable with this procedure . 

Each time you squeeze all the air out of the bag, you deliver 500 to 
700 cc of air. into your patient's lungs . Since cardiac arrest 
patients usually need a higher oxygen concentration than the 21% in room 
air, have someone attach oxygen tubing from the flow meter of the oxygen 
outlet to the inlet valve of the bag and turn on the flow meter while you 
continue ventilating with room... use a bag with a reservoir, what flow rate 
you use, and how fast you compress the bag . Most manual 
resuscitators with an attached reservoir deliver an inspired oxygen 



concentration of 75% to 90% at a. 



...and aspirate gastric contents. If gastric distention occurs, you should 
insert a nasogastric tube to decompress the stomach. It's also a good 
idea to use a transparent resuscitator mask so. . . 

...patent airway but still have problems ventilating the patient--as 
evidenced by increased resistance, poor chest movement, and rapidly 
increasing gastric distention. In that event, the patient probably needs to 
be... 



...the airway with your mouth or a manual resuscitator and watch for the 
patient's chest to rise. Have someone check for bilateral breath sounds 
as you do this. If the chest rises and breath sounds are present, the 
device is properly positioned. You can then inflate the cuff by injecting 
30 cc of air with a Luer-Lok syringe through the valve located at the top 
of the tube. Recheck placement after the cuff has been inflated... 

...a small hole at the distal end of the tube and a one-way, nonrefluxing 
valve at the upper end to prevent air from entering the stomach. The 
opening in the . . . 

...end allows a nasogastric tube to be inserted through the esophageal tube 
and connected to suction to decompress the stomach. 

The most common complication associated with EOA and EGTA tubes is 
accidental endotracheal. . . 

...patient usually vomits when either tube is removed and esophageal 
occlusion is relieved, so keep suction eguipment connected at the 
bedside. Before an EOA or EGTA is removed, the patient should... 
...at both ends. Thus it acts as a vent for the stomach and permits gastric 
suctioning . 

Unlike the EOA and EGTA, the tracheoesophageal airway can stay in the 
trachea if it . . . 

...in the esophagus. 

When the patient needs an endotracheal tube 

Endotracheal intubation is the preferred technique for airway 
management because it provides more direct control over the airway than 
other methods . An ET tube is usually inserted when the patient requires 
long-term mechanical ventilation. The ... inflated with 5 to 10 cc of air. 
This feature guards against aspiration and allows suctioning and 
intermittent positive pressure ventilation with 100% oxygen. 

Unless you have the special training required... 

. . .Many physicians place a malleable stylet in the tube to stiffen it 
during insertion. A suction set-up should be at the bedside. 

* For a detailed description all illustrations of the insertion 
procedure , see Garrity, E.M. Emergency! When intubation is up to you. RN 
46:4 9, October. ... 

...water-soluble lubricant to the end of the ET tube. 

You may be asked to suction the patient before intubation so that 
the physician can get a clearer view of the... 

...To perform this maneuver, apply firm, backward pressure over the cricoid 
cartilage until the insertion procedure is completed and the cuff 
inflated. 

You may also be asked to confirm bilateral breath... 



...bagged into the tube. If you hear breath sounds on only one side of the 
chest , it may mean that the tube has passed into a mainstem bronchus and 
must be . . . 

...the tube has entered the esophagus instead of the trachea and must be 
removed. A chest X-ray should always be done post-intubation to verify 
placement . 

To secure the ET. . . 

...hold the tube in place without adhesive tape. 

— Ma-i-n-ta-i-ni n g -a -p a t-i e n t— s- a-i-r-wa y-du r-i-n g -a — cardiac ar re s t — i s— a ■ — 

demanding task that requires not only knowledge of, but also practice in, 
using. . . 
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...for the US market have been mistakenly 
.distribut ed -t o-UK-customers-w^^ — valve- - 

override feature that is not described in the user instructions. A 
device alert issued this week by the Medical Devices Agency (MDA) 
warns that a number of Ambu Spur infant/child single-use manual 
resuscitators , made by Ambu of the US, pose a risk of overpressure. 

Both the UK and US versions of the device have a 40cm H20 
pressure-limiting valve . The US version, however, has an 
additional override clip covering the valve , preventing this from 
opening. Pre-use testing of the resuscitator cannot be performed 
as specified. . . 
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Comparing ventilation methods 



...to-mask ventilation is called for by 
researchers who performed a study to compare six methods of 
emergency ventilation, and report their findings in a letter to 
The Lancet (November 29th, p 1274). Medical students were asked to 
use six methods of ventilation on a manikin modified to include a 
Wright spirometer in the trachea. The methods studied were 
mouth-to-mouth, bag- valve -mask with one operator, mouth-to-mask, 
bag- valve -mask with two operators, Brook Airway, and mouth to Ambu 
mask. 

In cardiopulmonary resuscitation , say the researchers, the 
delivery of an adequate tidal volume is vital, and the American... 

...ml. The students were 

unable to deliver adequate volumes via the Brook airway or 
bag- valve -mask with one operator. Adequate ventilation was 
achieved with the bag- valve - mask and two operators, while use of 
the remaining methods resulted in inflation of more than three 
times the recommended minimum. 

The researchers do point . . . 

...delivery of excessive tidal 

volumes carries the risk of gastric distension and regurgitation 
and diminished lung volume (by elevation of the diaphragm)".... 
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Technique and Valve Improve CPR 

TEXT: A cardiopulmonary resuscitation (CPR) technique using devices 
developed at the University of Minnesota Medical School has been shown in a 
clinical trial to maintain near-normal blood pressure in heart attack 
victims . 

The study was published in the March 7, 2000, issue of the American 
Heart ... 

The method improves upon active compression - decompression (ACD) 
CPR, which is performed with a hand-held plunger-like device called the 
CardioPump. With this technique , blood is pushed out of the chest to 
the brain and other organs during compression , just as in standard CPR. 
Unlike standard CPR, the pump actively pulls the chest back to its 
original position during decompression . It improves the flow of 
oxygenated blood to the heart, increases the volume of blood pumped with 
each compression , and allows more air to flow into the lungs . 

A previous study by a group that included the authors of the 
Circulation article showed that ACD CPR significantly improved long-term 
survival rates among patients who had cardiac arrest outside the 
hospital. That study was published in the August 19, 1999, New England 
Journal of Medicine . 

The latest study introduced a valve to ACD CPR . During CPR the 
chest works like a bellows , and the valve improves the function of the 
bellows. The valve has a silicone diaphragm that decreases pressure in 
the chest during decompression . This results in a greater vacuum 
effect, which pulls more blood back into the heart and thus improves 
overall CPR efficacy. 

The study involved 21 patients, 10 who had ACD CPR without the valve 
, 11 with it. More patients returned to spontaneous circulation with (n=4) 
than without (n=2) the valve ; those with the valve also returned faster 
(average 19.8 minutes with vs. 26.5 minutes without). With the combination 
of the valve and the pump, patients in cardiac arrest had near-normal 
blood pressures for up to 30 minutes or until they were resuscitated... 

...the division of cardiology at the university and co-developer of the 
pump and the valve . "This is the first time we have used this combination 
of devices in patients. With... 

...give their consent. 

More than 400,000 patients die every year from out-of -hospital 
cardiac arrest in the United States, where it remains the number one 
cause of death. 

"Fewer than five percent of patients with out-of-hospital cardiac 
arrest in the United States ever survive to hospital discharge, due in 
part to the inherent... 



...and brain get less than 30% of normal blood flow. With ACD CPR plus the 
valve , those organs get more than 60% of normal flow. The group will 



conduct further studi 



